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New Jobs Across North Carolina

Message from the Governor

Economic development in North Carolina has always been guided by three
core beliefs: progress, education, and innovation. Our state’s biotechnology
industry has been built on these beliefs. Today it is an essential economic
engine that can benefit all North Carolinians.

North Carolina’s biotechnology industry ranks among the nation’s five larg-
est, with more than 150 companies employing 18,500 people and generating
annual revenues of $3 billion. Despite the economic downturn, this industry
is growing 10 to 15 percent a year. Our universities are discovering and devel-
oping new technologies, new companies are being created, established com-
panies are expanding, and companies are moving new products toward the
market.

Although we have had much success, I believe that we have only scratched the
surface of North Carolina’s potential in biotechnology. To reach that potential,
we need a clear roadmap to the state’s biotechnology future — a plan that fully
taps North Carolina’s many resources to create jobs and products for today
and the future.

With this imperative in mind, last summer I asked former governors Jim Hunt
and Jim Martin to chair a blue ribbon steering committee charged with devel-
oping a strategic plan for maintaining and improving North Carolina’s strong
position in biotechnology. For the past six months, with able support from the
North Carolina Biotechnology Center, the best and brightest scientists, edu-
cators, business and government leaders, university and community college
leaders, economic developers, and biotechnology experts from every corner of
North Carolina have been working hard to develop this plan.

This report, New Jobs Across North Carolina: A Strategic Plan for Growing the
Economy Statewide through Biotechnology, is the culmination of that effort. It
includes recommendations on how we can attract and grow new companies;
train and improve our workforce; strengthen partnerships among businesses,
universities and community colleges, and government; and improve math and
science K-12 education.

New Jobs Across North Carolina should be carefully considered. I know that
my administration and especially the Department of Commerce will take
advantage of this report as we develop next steps in economic development
strategy and determine how best to position North Carolina to gain the eco-
nomic and social benefits from biotechnology.

North Carolina should be on every company’s short list of places to carry out
biotechnology research, development, testing, and manufacturing. Working
together, I believe that we can and will achieve that goal.

— Michael F. Easley
Governor, State of North Carolina
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New Jobs Across North Carolina

Message from Gov. James B. Hunt

and Gov. James G. Martin
Co-Chairs, Strategic Plan Steering Committee

When the North Carolina Biotechnology Center was created in 1981, it was
the first state-supported biotechnology initiative in the world. No other state
or country has established such a comprehensive and effective model to stim-
ulate biotechnology development. As a result, North Carolina has emerged as
a leading place for biotechnology growth and development, creating jobs and
improving our quality of life.

Now, more than 20 years later and with biotechnology growing at a more rapid
pace than ever, we have put together a strategic plan to guide us through the
next 20 years, with the ultimate goal of having 125,000 biotechnology-related
jobs by 2023. To achieve this goal, we must get down to business fast by imple-
menting the strategies in this plan. Strong cooperation among government,
business, and academia is required to sustain the momentum that has put
North Carolina among the nation’s top five biotechnology states. We must
continue to recruit new companies, expand existing companies, and encour-
age spinouts from companies and universities, and we must accelerate the
pace at which we do so. We are fortunate in North Carolina to have the abil-
ity to implement all of these efforts in all parts of the state. Biotechnology
applications in North Carolina’s main industries — agriculture, health care,
environmental sciences, forestry, and many others — are already spreading
biotechnology beyond Research Triangle Park and into other areas of the state.

North Carolina has all of the essential ingredients for success, including
top-ranked universities and community colleges, a capable work force, and

a high quality of life. We will continue to rely on these strengths to attract
biotechnology companies to our state, but we must enhance them even fur-
ther and be creative and innovative in meeting the competitive challenge. We
already have a great foundation on which to build.

We are at a competitive crossroads with many other states looking to recruit
biotechnology companies. In this critical time, we must find the resources
needed to implement this strategic plan effectively and efficiently to make
sure that North Carolina is the most attractive state for companies looking
to locate or expand. We have the potential to create thousands of new jobs in
every part of North Carolina by applying these strategies.

Ever since the Wright Brothers made their historic flight at Kitty Hawk in
1903, North Carolina has been a leader in technology. One hundred years later,
North Carolina is still cultivating that visionary spirit. As we celebrate being
“First in Flight,” let us also strive to be first in biotechnology.

— The Honorable James B. Hunt, Jr. — The Honorable James G. Martin
Womble Carlyle Sandridge Corporate Vice President
& Rice, PLLC Carolinas HealthCare System
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New Jobs Across North Carolina

Message from the President of the
Biotechnology Center

Six months ago, Governor Easley charged the Biotechnology Center with
developing a long-term strategic plan to guide future state investments in
biotechnology and appointed a blue-ribbon steering committee to help facili-
tate our success. To ensure broad participation and diversity of views in the
planning process, we promptly convened nearly 120 North Carolinians repre-
senting our many industrial, academic, governmental and community part-
ners throughout the state. The result is New Jobs Across North Carolina: A
Strategic Plan for Growing the Economy Statewide through Biotechnology.

The plan’s stated goal of 48,000 and 125,000 biotechnology-related jobs in
North Carolina by 2013 and 2023 respectively is clearly ambitious. To those
of us familiar with North Carolina’s strong biotechnology assets, the goal is
aggressive but fully achievable. Success, however, will depend on substantial
and sustained investments in the strategies outlined in this plan and strong
support from the parties involved with their implementation.

Accounting for 10 percent of all U.S. biotechnology jobs and revenue and with
the fastest rate of growth of new companies in the country, North Carolina

is already a leading site for biotechnology economic development. New Jobs
Across North Carolina builds upon that success by leveraging the talents and
resources of all participants in our large and cohesive biotechnology com-
munity. The plan lays out an ambitious but realistic roadmap for moving the
entire state forward in biotechnology development. The plan stresses new job
creation but does so without neglecting important ethical, social and cultural
considerations.

New Jobs Across North Carolina presents a comprehensive approach to new
job creation that balances support for university and company spinouts with
the attraction of more mature and emerging life sciences companies to North
Carolina. The 54 strategies described in the plan take advantage of existing
strengths and infrastructure and continue to build on recent investments in
workforce training and regional initiatives. Biomanufacturing is given priority
attention for its unique ability to bring biotechnology-related jobs to the more
rural parts of North Carolina. Creating and attracting biotechnology start-ups
and strengthening biotechnology development throughout the state are also
identified as immediate priorities.

The Biotechnology Center looks forward to working with the Governor, Coun-
cil of State, General Assembly and all of North Carolina’s biotechnology com-
munity to implement the strategic plan. Our thanks go to Steering Commit-
tee Co-chairs Jim Hunt and Jim Martin and all participants for their valuable
input to the strategic plan. On a personal note, I would like to thank the Board
of Directors of the Biotechnology Center for their support throughout the
planning process and their unanimous endorsement of the final product. Most
importantly, I thank my staff at the Biotechnology Center and acknowledge
their enormous contributions to the strategic plan.

— Leslie M. Alexandre, Dr.P.H
President and Chief Executive Officer, North Carolina Biotechnology Center
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Executive Summary

Executive Summary

North Carolina’s economy is in transition. As manufacturing jobs in tradi-
tional industries decline, new opportunities for job creation must be identified
and aggressively pursued. Few sectors offer as much promise for long-term,
sustained community development and job creation as the relatively young
field of biotechnology. Few states are as well positioned as North Carolina for
national and international leadership in biotechnology and economic gain
from the industry’s growth.

Often described as a single industry, biotechnology more accurately refers to
the large and growing array of scientific tools that use living cells and their
molecules to make products and solve problems in many different industries.
Agriculture, human and animal health care, forestry, the environment, and
specialty chemicals are among the industries that have benefited most from
biotechnology.

The economic promise of biotechnology is extraordinary. At present a

$40 billion sector worldwide, it is estimated to become a market of at least
$120 billion annually within 10 years. North Carolina companies, already cre-
ating about $3 billion in annual biotechnology revenue, can grow in number,
employees, and revenues — if provided the right resources and environment.

The benefits of biotechnology to North Carolina — and the world — are
clearly not limited to jobs and other forms of economic development.
Biotechnology products are profoundly improving the crops we grow, the
food we eat, the medicines we take, the environment in which we live, and the
everyday products we use.

A strong foundation

North Carolina has a strong base on which to expand biotechnology science,
companies, and economic return. In the early 1980s, visionary State leaders
established a structure and a long-term commitment for biotechnology inno-
vation and commercialization. North Carolina recognized early that the sci-
ence and applications of biotechnology fit remarkably well with its natural
resources and economic foundations. A technology based on living organisms
is well suited for a place strong in agriculture, native plants, marine resources,
forestry, food, pharmaceuticals, and manufacturing. To ensure a coordinated
and innovative approach to biotechnology development, the State estab-
lished the North Carolina Biotechnology Center — the first state-sponsored
biotechnology initiative in the United States.

Over the last two decades, the Biotechnology Center has carefully targeted

its funding to the requirements of biotechnology development: science and
research, education and workforce training, and company establishment and
growth. Programs and activities have assisted but not duplicated the efforts of
various public and private entities involved in biotechnology, from universities
and entrepreneurs to investors and start-up companies. Twenty years of strate-
gic investment have paid off handsomely; North Carolina has deliberately and

NEW JOBS ACROSS NORTH CAROLINA
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Biotechnology Industry

at a Glance, 2002

United
States
Number of
companies 1,466
Number of
employees 194,600
Revenue $33.6
billion

SOURCE: ERNST & YOUNG, 2003; NC BIOTECHNOLOGY CENTER

Vision

The State will
aggressively create
jobs, wealth and

a better quality

of life for all

North Carolinians

by encouraging
biotechnology
investments in health
care, agriculture,

the environment,
manufacturing and
other strategic growth
industries vital to its
economy.

successfully stimulated one of the most envied, interactive, and
productive biotechnology communities in the world.

North North Carolina is one of the leading five states in the U.S. for

Carolina biotechnology science, commercialization and revenue. With
more than 150 companies employing 18,500 workers, North

e Carolina represents about 10 percent of the U.S. biotechnology
industry. In addition, the wider life science industry now includes

18,500 tens of thousands of other North Carolinians employed in agri-

i3’ ’ cultural, pharmaceutical and chemical companies; contract

illion

research organizations and laboratory testing companies; profes-
sional support firms; and life science-related companies.

A highly competitive sector worldwide

Not surprisingly, the current impact and growing potential of biotechnology have
captured the attention of governmental, educational, and economic development
leaders worldwide. Benefits from biotechnology are particularly sought by places
facing economic challenges due to globalization or decline of traditional indus-
tries. Virtually every state in the nation has joined regions and countries world-
wide in targeting biotechnology. While not all places will succeed, a challenging
number have significant assets and are prepared to make enormous investments
in biotechnology research, infrastructure, and company development. And, while
many places acknowledge their goal of duplicating North Carolina’s approach and
results, their indirect compliment is more alarming than gratifying.

Bold vision and leadership

In the face of intensified worldwide competition, just maintaining North Car-
olina’s current position will require significant commitment and resources.
Strengthening the state’s biotechnology capability and competitiveness will
demand clear vision, aggressive leadership, and greatly expanded investment.
The second option is realistically the only one to be considered; otherwise,
economic gain and jobs will be lost to competing states and nations.

The biotechnology leadership and commitment demonstrated by North Caro-
lina over the last two decades must be enhanced and expanded to ensure an
equally strong third — and fourth — decade of biotechnology development
and jobs. Recognizing that vision and risk-taking must shape smart and prac-
tical decisions, in June 2003, Governor Easley charged the North Carolina
Biotechnology Center and leaders statewide to develop a long-term strategic
plan to help guide future State investments in biotechnology. The vision for
that plan is for the State to aggressively create jobs, wealth and a better quality
of life for all North Carolinians by encouraging biotechnology investments in
health care, agriculture, the environment, manufacturing and other strategic
growth industries vital to its economy.

Led by the Steering Committee listed on page 3, more than 120 North Carolin-
ians diverse in geography and perspective shared ideas and experience in six
content-based work groups: K-12 education, workforce training, building entre-
preneurial companies, attracting companies to the state, university research
and infrastructure, and public policy and societal considerations. Listed at the
end of the document, work group participants included representatives of the
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main partners in North Carolina’s biotechnology community: state, regional,
and local economic developers; private and public universities; community col-
leges; government agencies; large and small companies; venture capitalists;
non-profit organizations such as the Council for Entrepreneurial Development,
the North Carolina Biosciences Organization, and the Small Business and
Technology Development Center; and various public policy organizations.

Strategic recommendations

Collectively, the work group participants identified 54 strategies neces-

sary to reach the goal of having 48,000 North Carolinians employed in
biotechnology-related jobs by 2013 and 125,000 by 2023. Many of these strate-
gies will require large and sustained investment over several years to achieve
their intended outcome. Others do not require state investment but do need
the commitment and action of various partners across North Carolina’s large
and well-established biotechnology community.

As summarized in the table at the end of this executive summary, the 54 strat-
egies address the major requirements of a comprehensive biotechnology initia-
tive: creation of knowledge, products and companies; attraction, retention and
growth of companies; preparation of current and future workers; development
of biotechnology statewide; and leadership, ethical and policy considerations.
All 54 strategies are important to meeting the plan’s job creation goal and
should be implemented as soon as possible. However, based on their contri-
bution to three areas identified as immediate priorities below, a much smaller
number of strategies are essential in the first year of the plan, FY 2005.

Immediate priorities

Given the need to create new jobs, and to bring these jobs to all parts of North
Carolina, three areas should be considered immediate priorities for the state’s
biotechnology investments: biomanufacturing; biotechnology start-ups; and
statewide development.

1. Target biomanufacturing: Biomanufacturing is an ideal industry for North
Carolina, not only because it creates clean, high-paying jobs, but also because
those jobs can be located in rural North Carolina, where traditional manu-
facturing jobs are in steep decline. North Carolina already has a strong base
of pharmaceutical manufacturing and biomanufacturing on which to grow.
With the recent commitment of $64.5 million by the Golden LEAF and
industry to build a statewide workforce training network in biomanufactur-
ing, the State has assured companies already based in North Carolina and
those that might come to the state that a supply of well-trained workers will
be available. To fully capitalize on this investment, the state should:

a. strengthen the recruitment capabilities of the Department of Com-
merce, with expert staff, marketing resources, appropriate incentives, and
authority to match prospects selectively with North Carolina sites;

b. create a ready source of financing for biomanufacturing facility construc-
tion through credit-enhancing vehicles;

c. provide the community colleges with sufficient funding and infrastruc-
ture to train and educate workers for this industry.

NEW JOBS ACROSS NORTH CAROLINA

Goal

North Carolina

will have 48,000
biotechnology-related
jobs by 2013 and
125,000 by 2023.

Immediate Priority
No. 1

Target
Biomanufacturing
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Immediate Priority
No. 2

Create and
Attract Biotech
Start-ups

Immediate Priority
No. 3

Develop
Biotechnology
Statewide

2. Create and attract biotechnology start-up companies: If the environ-
ment is supportive, biotechnology companies tend to emerge and grow
near the source of their technology, which is often a university, federal or
private research laboratory, or another company. Therefore, the opportu-
nity for long-term, sustainable job creation is strong with “home-grown”
biotechnology companies, particularly in North Carolina, which has a well
developed and cohesive biotechnology community. To help ensure a steady
supply of entrepreneurial biotechnology companies, the State should:

a. expand funding for university research, particularly high-risk, early stage
applied research, to facilitate a constant flow of new discoveries with
future commercial potential;

b. use every available mechanism to ensure that young companies have
access to the investment capital they require, particularly at the ear-
liest stages of their development. Two potential sources include the
Biotechnology Center’s Economic Development Investment Fund and
State escheat or pension funds; and

c. give greater attention and resources to support the relocation of emerg-
ing biotechnology companies from other states and countries to North
Carolina.

3. Develop biotechnology statewide: Biotechnology development in North
Carolina does not have to be limited to the technology-rich Triangle and
Triad regions. Because of its varied natural resources, including agricul-
ture, forestry and marine life, and its widespread network of higher educa-
tion resources, North Carolina is uniquely able to develop biotechnology in
multiple regions of the state. While the manufacturing jobs associated with
biotechnology and other life sciences may represent the best opportunity
for economic development in some particularly rural regions, other areas
can — and have begun to — capitalize on unique resources and infrastruc-
ture to build their own biotechnology communities. These efforts should be
supported and nurtured by:

a. assisting communities statewide to identify and target resources for
building biotechnology-related activities and helping them establish real-
istic goals for these endeavors; and

b. supporting satellite offices of the Biotechnology Center in the East, West,
Triad and Charlotte with staff and programmatic resources.

Ensuring prosperity

As regions across the globe struggle with economies in transition, North Car-
olina is well positioned with early and ongoing commitment to biotechnology
— one of the few sectors that will provide long-term economic gain and job
growth. Fortunately, in North Carolina the value of the technology is fully
granted by governmental, institutional and economic development leaders
statewide. Their vision and commitment to the technology will in coming
years bring jobs and other benefits critically important to the economy of
North Carolina and the quality of life of its people.
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Strategies for Growing the Economy Statewide
through Biotechnology

The 54 strategies recommended in this plan are designed to:

Enhance the ability of public and private universities across North Carolina to conduct

innovative research in biotechnology and transform new ideas into commercial opportunity
within the state by:

¢ Helping them attract and retain talented faculty, post-docs, and graduate students (#1, 2, 3)

e Strengthening their biotechnology research infrastructure and funding regional research centers (#4, 5, 6)
e Supporting high-risk, early-stage applied research projects (#7)

¢ Providing their technology transfer offices with the resources and flexibility they require — based on individual
circumstances — to maximize the economic development potential of university discoveries (#8)

e Encouraging university-industry interactions (#9, 10, 11)

Encourage universities to support, recognize and reward faculty entrepreneurial activities by:
¢ Clarifying institutional economic development missions (#12)

¢ Incorporating measures of faculty entrepreneurial activities into promotion and tenure decisions (#13)
e Funding entrepreneurial sabbaticals and creating entrepreneurs-in-residence programs (#14, 15)

* Increasing the availability of early-stage investment capital (#16, 17, 18, 19)
¢ Helping them access federal research funding and other resources (#20)

¢ Providing targeted tax relief (#21)

e Creating programs to help develop successful entrepreneurs (#22, 23)

Support the attraction, retention and growth of biotechnology companies, with particular

attention to biomanufacturing companies, by:

¢ Providing the Department of Commerce with the staff and resources required to aggressively pursue recruitment
and retention activities (#24)

e Forging select international partnerships of strategic value to North Carolina (#25)

¢ Having the Department of Commerce and the Biotechnology Center form a “Hot Opportunities Team” (HOT) to
coordinate recruitment of hot prospects and retention of companies at risk of leaving (#26)

e Funding aggressive marketing campaigns to effectively sell the state’s life sciences assets (#27)
e Creating competitive financial incentives (#28, 29, 30)

¢ Providing financing mechanisms for companies building biomanufacturing plants in the state (#31)

e Addressing the needs of bioscience businesses already in North Carolina (#32)
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Help train and educate North Carolinians across the state for jobs in biotechnology research

and development and in biomanufacturing by:

¢ Providing the Community College System with resources to implement biotechnology and biomanufacturing-
related programs (#33, 34)

e Ensuring every community college has well equipped science and engineering technology laboratories (#35)

¢ Providing on-going operational funding to maintain the facilities and programs associated with the
Biomanufacturing and Pharmaceutical Training Consortium (#36)

¢ Providing professional development opportunities for faculty (#37)

e Supporting the development and implementation of industry-approved certification programs, articulation
agreements, and innovative curricula (#38, 39, 40, 41)

e Establishing a Biotechnology Workforce Advisory Council to provide industry input to the educational systems
(#42)

Strengthen K-12 math and science education to help motivate and prepare future
biotechnology workers by:

e Supporting and expanding the North Carolina Infrastructure for Science Education (#43)

e Creating innovative schools for biotechnology using Gates Foundation grant monies (#44)
e Requiring proficiency in inquiry-based science teaching methods for teacher accreditation (#45)
¢ Providing enhanced opportunities for professional development (#46)

e Supporting the development of innovative curriculum and providing resources for teaching about biotechnology
(#47, 48)

Strengthen biotechnology statewide by:

e Assisting communities, particularly rural ones, to identify and build on biotechnology-related resources and
capabilities (#49)

e Supporting satellite offices of the Biotechnology Center in the East, West, Triad and Charlotte with staff and
programmatic funding (#50)

¢ Charging the Biotechnology Center with leadership for the state’s biotechnology policies and strategies, including
the implementation of the strategic plan (#51)

¢ Informing and engaging state leaders on issues critical to biotechnology development (#52)

e Establishing a forum at the Institute for Emerging Issues to discuss ethical, societal and policy issues related to
biotechnology (#53)

¢ Increasing funding for the Board of Science and Technology (#54)
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The Case for Biotechnology in North Carolina

The Case for Biotechnology
in North Carolina

North Carolinians have always aspired to a better future. From the first colo- | As North Carolina’s

nial settlers who came ashore seeking freedom and opportunity more than economy transitions
400 years ago, to the visionaries who are leading the state’s advancement in from a labor-intensive
science and technology in the 21 century, North Carolinians have shaped manufacturing base,
their own destiny with a bold spirit of exploration, innovation, and risk-taking. | we must foster job

A tradition of visionary thinking followed by practical action is ingrained creation in sustainable,
in the state’s history and culture. It is the formula for progress, and it has knowledge-driven

improved the lives of all North Carolinians throughout the years. It has given | sectors. With products
North Carolina the nation’s first state-supported university, the first commu- | in agriculture, forestry,
nity college system, the first residential high school for science and math, and | health care, and

the world’s largest planned science and technology campus, the Research Tri- | the environment,

angle Park. Today it puts North Carolina on a new frontier of knowledge and biotechnology is a

job creation: biotechnology. natural fit for North
Carolina offering a
strategic opportunity
that builds on our

When scientists conducted the first successful genetic engineering experi-
ments in the mid-1970s, leaders in North Carolina paid attention. They real-
ized that a potent new technology was emerging and that it could bring sub-

stantial economic and societal benefits to the state. They looked into the strengths.

future and saw the tools of biotechnology being put to work in agriculture, for- | — SECRETARY JAMES T. PAIN I1I,
o e . . . . NORTH CAROLINA

estry, medicine, manufacturing and many other industries vital to North Car- DEPARTMENT OF COMMERCE

olina’s economy. Wanting North Carolina to be at the forefront of this prom-
ising new industry, the State in 1981 created an organization to stimulate the

development of biotechnology. The non-profit North Carolina Biotechnology
Center became the world’s first government-sponsored initiative dedicated to

growing this industry and creating opportunities for North Carolinians. L. .
Bioscience companies

in North Carolina

Early success

North Carolina’s early
investments in

biotechnology . . 'l

develop-
ment have paid off handsomely for the

state. The state is home to more than 150 biotechnology
companies and 75 contract research organizations and labo- '
ratory testing companies. Collectively these companies employ

nearly 35,000 people in clean, safe, high-paying jobs throughout /

the state. Tens of thousands of other North Carolinians work in _ .

. . . . " @ 7+ biotech companies
jobs that directly support the biotechnology industry, providing products and

services in architecture, banking, construction, engineering, real estate, utili- 1-6 biotech companies
ties, laboratory instrumentation and supplies, information technology, data 0 biotech companies

management, accounting, law, staffing, and many others. Once concentrated

NEW JOBS ACROSS NORTH CAROLINA
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North Carolina’s model for biotechnology development

Established by the State in 1981, the North Carolina Biotechnology Center is the world’s first govern-
ment-sponsored initiative in biotechnology development. Its mission is to provide long-term economic
and societal benefits to North Carolina by supporting biotechnology research, business and education
statewide.

As a neutral, non-partisan, non-profit organization, the Center is uniquely positioned to work effec-
tively with government, industry, academia and other organizations. The Center works in partnership
with the North Carolina Department of Commerce, the North Carolina Biosciences Organization, the
Council for Entrepreneurial Development, the UNC System, private universities, the Community Col-
lege System, the Small Business and Technology Development Center, the Golden LEAF, chambers of
commerce and many other groups and elected officials to achieve six goals:

?l

Strengthen North Carolina’s academic and industrial biotechnology research capabilities.

N

. Foster North Carolina’s biotechnology industrial development.

W

. Work with business, government and academia to move biotechnology from research to commerciali-
zation in North Carolina.

N

. Inform North Carolinians about the science, applications, benefits and issues of biotechnology.

(%,

. Enhance the teaching and workforce-training capabilities of North Carolina’s educational institutions.

(=)

. Establish North Carolina as a preeminent international location for the biotechnology industry.

With the help of its working partners and the financial support of
the General Assembly, the Center has made targeted investments in
biotechnology that have been leveraged into substantial gains for the
state. Selected accomplishments include:

* Providing $10.6 million in financial assistance to 70 early stage
biotechnology companies, which have gone on to raise more than
$500 million from other sources.

e \Working to recruit, retain and expand biotechnology companies
including BASF, Bayer, Biogen Idec, Diosynth RTP, KBI BioPharma,
Novozymes, Schwarz BioSciences, Syngenta and Wyeth Vaccines, col-
lectively responsible for thousands of high-paying jobs.

® Investing more than $50 million to recruit 46 outstanding faculty, purchase multi-user research
equipment, and sponsor more than 450 research projects at North Carolina universities. For every
$1 invested in research projects by the Biotechnology Center, the universities have gained about
$14 in federal grants.

e Preparing more than 1,100 teachers in North Carolina to teach about biotechnology. In turn, they
have given lessons and labs to hundreds of thousands of students.

e Tripling enrollment in the biosciences at the state’s six historically minority universities by granting
$8 million in special appropriations to improve the institutions’ biotechnology programs.
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largely in the Research Triangle region, biotechnology companies are emerg-
ing in the Triad, the West, Charlotte and the East. Building on their unique
natural resources, university capabilities and community college training pro-
grams, these regions are beginning to focus on niche areas of biotechnology

that have the opportunity to yield economic and
societal benefits for their population.

In 1981 there was also a notable absence of com-
petition for biotechnology jobs from other states
and nations. The term “biotechnology” had barely
begun to be used in common language. Other
than the most visionary leaders, such as those
found in North Carolina and a few other states, no
one had recognized that this emerging technology
would one day be considered by virtually every
state and every developed nation as critical to its
success in the knowledge-based economy. Today,
many states and countries, particularly those very
new to biotechnology, are attempting to replicate
at least parts of North Carolina’s model for devel-
oping this young but rapidly growing industry.
They have seen North Carolina become one of
the top five states in the nation for biotechnology
revenue and jobs, and they are striving to take its
place. With a current U.S. market of $33.6 billion
and projections of a global market of well over a
hundred billion dollars within 10 years, who can
blame them?

Through its early and sustained commitment

to biotechnology, North Carolina now accounts
for 10 percent of the U.S. market as measured by
jobs, revenue and number of companies. In the
face of unprecedented global competition for the
high-wage jobs associated with biotechnology,
however, the state cannot and should not be com-
placent about its opportunities for future suc-
cess. Once considered the leading role model

for biotechnology economic development,

North Carolina now finds itself studying daily
announcements of creative new programs and
enormous investments by competitive regions
seeking to create, attract and grow biotechnology
and biomanufacturing companies. A few exam-
ples are highlighted in the table on page 20.

North Carolina must recognize the challenge and
be prepared to invest, especially in an era of rapid
change and uncertainty. The state’s economy is in
transition. Jobs in traditional industries such as

In high cotton: biotech crop rejuvenates
farming in Eastern North Carolina

Milton Prince of Belhaven was accustomed to growing corn, wheat
and soybeans on his Beaufort County farm since the 1970s. But
when American consumers turned from synthetic clothing to natural
fibers in the 1980s, he added cotton to the mix.

He started on a small
scale in 1991, but

the rich, dark soil

— known as the Black
Lands — had other
ideas. It sprouted
cocklebur, morn-

ing glory, pigweed,
sicklepod, smartweed

and other weeds that

“Without biotechnology, cotton would not
be grown in this area today — no question
about it,” says Milton Prince.

overtook the cot-
ton, stunting his crop
yields.

“I fought that thing for four years,” Prince recalled. “I was about
to throw in the towel. We really had no herbicides to control weed
pressures.”

Then along came new cotton varieties genetically engineered to
resist herbicides. Growers could apply herbicides that would kill the
weeds but spare the cotton plants. It was a revolutionary advance
for growers like Prince.

“These genetically engineered cultivars gave us the opportunity

to grow cotton and control weeds effectively,” he said. “Without
biotechnology, cotton would not be grown in this area today — no
guestion about it.”

Today, about 50,000 acres of biotech cotton is grown in Beaufort
County and neighboring Hyde, Tyrrell and Washington counties, a
50-fold increase from the 1,000 acres grown in 1991. Biotech cot-
ton has become so profitable that Prince no longer grows soybeans
and other crops. All of his 2,700 acres are planted with biotech
cotton that resists the environmentally friendly but broadly effective
herbicide Roundup.

To process all the locally grown biotech cotton, Prince and nine
other growers joined together in the late 1990s to build two cotton
gins — one in Beaufort County and one in Hyde County. The $10
million investment in Coastal Carolina Cotton Gins has boosted the
tax base of both counties and created 10 full-time jobs and another
48 seasonal jobs.

tobacco, textiles and furniture are being lost to cheap foreign labor, free trade poli-
cies and other market forces. How will North Carolina replace these jobs? Where
will its people go to work, and what will they do? How will North Carolina com-
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...it's important

to remember that
biotech is the one
industry that’s poised
to grapple with

every major human
and environmental
challenge from global
hunger to global
warming.... This is an
extraordinary industry
which is characterized
by long timetables and
high financial risk. But
investment in biotech
is not just about
money, it's about
humanity, health, and
the preservation of the
planet.”

— G. STEVEN BURRILL, BIOTECH
2003: LIFE SCIENCES:
REVALUATION AND
RESTRUCTURING. 17"" ANNUAL
REPORT ON THE INDUSTRY.

pete in the new global economy? How will it distinguish itself from other states
and nations? These questions are central to the state’s future. The answers must
include biotechnology.

Biotechnology: many tools for many industries

What exactly is biotechnology? Breaking down the term into its parts provides
the answer. “Bio” means living, and “technology” means the use of science to
achieve a practical purpose. Biotechnology, then, is broadly defined as the use
of living cells and their molecules to make products and solve problems.

It is important to recognize that biotechnology is not an industry unto itself.
Rather, it is a collection of new tools that can be used to improve a wide vari-
ety of traditional industries including plant and animal agriculture, health
care, the environment, industrial processing, household products, forensics,
forestry, textiles and biodefense. Virtually every aspect of our lives is touched
in some way by biotechnology: the food we eat, the water we drink, the air
we breathe, the clothes we wear, the pets we keep, the detergents we use, the
medicines we take, the paper we write on, and even the criminals we convict
through DNA forensics.

In health care, for example, more than 325 million people worldwide have been
helped by 155 biotechnology drugs and vaccines approved by the U.S. Food
and Drug Administration. Hundreds of diagnostic tests are on the market to
help detect and monitor various diseases and health conditions, ranging from
cancer to pregnancy to strep throat. In agriculture, a majority of the U.S. soy-
bean and cotton crops are bioengineered for either insect resistance or herbi-
cide tolerance, providing greater yields with less use of chemical pesticides. In
industrial processing, enzymes capable of withstanding high temperature and
pressure are used in the chemical, food and textile industries.

Biotechnology is a powerful tool set. Used responsibly, these tools can revital-
ize traditional industries, create jobs, improve our economy and enhance our
quality of life.

Opportunities in biotechnology
and biomanufacturing

In the last 10 years, biotechnology employment has more than doubled and
revenues have quadrupled in the United States. Biotechnology is now a $33.6
billion industry in the United States and employs 194,600 people at 1,466 com-
panies. Biotechnology has also grown at a similar pace in North Carolina. The
state accounts for about 10 percent of the U.S. industry.

Despite this growth, the biotechnology industry is relatively young. It is at a
point where the computer industry was in the 1970s: on the verge of explo-
sive growth. The economic opportunities that lie ahead in biotechnology will
eclipse those realized to date. Global sales are expected to reach $120 billion
per year by 2013. In the same period, U.S. sales are projected to double to $66
billion. If North Carolina’s biotechnology industry continues to grow at its tra-
ditional rate of about 10 percent a year, it will employ 48,000 people and earn
annual revenues of $7.7 billion by 2013. And by 2023, more than 125,000 North
Carolinians will be employed in a $24 billion industry statewide.
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. ing N ™ industrial processing, biodefense and bio-
One Biomanufacturing ' ® = THREE OTHERS
w L

Clearly, great economic benefits await states, regions and nations that are
prepared to seize the opportunities in biotechnology. But what exactly will
those opportunities be? Name just about any industry, and opportunities
can be found: health care, agriculture, functional foods, nutraceuticals, for-
estry, marine resources, the environment,

informatics. One day biotechnology will
be as pervasive and essential a tool as
plastics or computers are today.

One particularly compelling opportunity
for North Carolina is biomanufacturing,
or the making of biological products from
living cells. There simply is not enough bio-
muttiplier- 20 Manufacturing capacity worldwide to make
the biotech drugs, vaccines and other products
coming to market. In addition to the 155 biotech drugs and vaccines already
on the market in the United States, another 370 are being tested for possible
approval by the Food and Drug Administration. Worldwide, more than 1,000
biopharmaceuticals are in the development pipeline. Some projections indi-
cate that by 2006 the world could have only half the biomanufacturing capac-
ity it needs. Clearly, new biomanufacturing plants must be built in the next
few years to meet the growing demand.

High-paying jobs await those regions and states that can attract these new
plants. Annual salaries for entry-level technicians typically start at $25,000 ) )
to $30,000 and can progress to $50,000 in as little as five years. The average Biomanufacturing

salary for all pharmaceutical manufacturing jobs in North Carolina is $68,200. | @nd Pharmaceutical
Manufacturing Plants

Biomanufacturing plants also in North Carolina

generate about three sup-
porting jobs for every
one biomanufac-

o

turing job they (0 ) e
® ) ®
create. [ @0 o
® .. PY [ [ .. ® S ®
® o

Oe °
During the three to five years it typically ®
takes to build these multi-million-dollar ()
plants, jobs are created in architecture, construction, engi-
neering, instrumentation, validation and other fields. When (]

the plants are up and running, they create a variety of sup-

porting jobs in service, supply and distribution, in addition to the
many indirect jobs and economic activity created in housing, trans- @ WManufacturing sites
portation, retail, utilities, entertainment, etc.

Biomanufacturing is an ideal industry for North Carolina, not only because

it creates clean, high-paying jobs, but also because those jobs can be located
in rural North Carolina, where traditional manufacturing jobs are in steep
decline. And while no jobs are ever 100 percent secure, biomanufacturing jobs
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Examples of government funding for biotechnology

State Program Purpose Financial commitment
California Biotechnology Research and support biotechnology research | $20 million since 1985
Education Program
Florida Scripps Research Institute recruit Scripps Research $510 million committed in
Insititute to Palm Beach County | October 2003 ($310 from state;
$200 million from county)
Florida Biomedical Research fund biomedical research $41 million since 2000 *
Program
Georgia Eminent Scholars Program recruit eminent scholars $350 million since 1990
lowa Grow lowa Values Fund primarily to support economic | $503 million over 7 years
development in biotechnology,
information services and
applied manufacturing
businesses
Kentucky Research Challenge Trust Fund | recruit and support research $350 million since 1998
scholars
Maryland University of Maryland expand the Rockville research $50 million in 2003
Biotechnology Institute campus
Michigan Life Science Corridor fund basic and applied life $25 million in 2004 (was previ-
sciences research ously $50 million per year) *
Missouri Life Sciences Trust Fund support biotechnology $36 million per year beginning
research, commercialization in 2007
and technology transfer
Pennsylvania | Life Science Greenhouses fund three regional life science | $100 million in 2001 *
business “greenhouses”
Texas Cow Genome Project sequence the cow genome state to contribute $10 million
to $50 million project
Texas Enterprise Fund recruit technology businesses $55 million in 2003
and support university research
Country Purpose Financial commitment
Canada Biotechnology Cluster support commercialization $30 million
(Ontario) Innovation Program infrastructure projects
China support biotechnology research | $180 million between 1996
and 2000; expected to spend
$600 million between 2000
and 2005
India various biotechnology initiatives | $2.3 billion
Ireland Science Foundation Ireland recruit and retain biotech and $745 million between 2000
IT scholars and 2006
public-private partnership fund to boost biotech company | $29 million
between Enterprise Ireland and | start-ups and employment
Seroba BioVentures
Singapore Biopolis create a global hub for $1.7 billion
biomedical sciences

* TOBACCO SETTLEMENT FUNDS

NEW JOBS ACROSS NORTH CAROLINA




The Case for Biotechnology in North Carolina

are less likely to go offshore than are traditional manufacturing jobs. They are
highly technical jobs in a tightly regulated industry. Not every state or nation
has the ability to build, staff and supply these sophisticated plants in compli-
ance with the FDA’s stringent requirements.

North Carolina is already a national leader in biomanufacturing, employing
4,700 people in the manufacture of drugs, vaccines, amino acids, enzymes and
vitamins. Employment swells to nearly 25,000 people if the closely related tra-
ditional pharmaceutical manufacturing industry is included.

In addition to its high ranking in biomanufacturing, North Carolina is the
world’s leading place for the contract research organization (CRO) and test-
ing industry. CROs emerged in the last two decades to help pharmaceutical
and biotechnology companies get their products to market faster and cheaper.
CROs and related testing companies help drug- and device-makers test their
products in animals and people by managing clinical trials, collecting and
analyzing data, helping navigate the FDA-approval process and providing
many other services.

More than 75 CRO companies operate in the state, employing 16,000 North
Carolinians and tens of thousands of people worldwide. Some of the world’s
largest CROs were founded in North Carolina or have their headquarters in
the state.

The strong presence of both biomanufacturing and CRO companies in North
Carolina, coupled with a strong environment for research and development,
provides biotechnology companies a complete range of capabilities. Compa-
nies can research, develop, test and manufacture their products without ever
leaving the state.

Competitive challenges

Because the opportunities in biotechnology are so compelling, governments
across the country and around the world are pursuing biotechnology aggres-
sively to drive economic development. A few of those initiatives are high-
lighted in the table on page 2o0.

More than 40 states have followed North Carolina’s lead and developed
biotechnology initiatives of their own. At least 10 states have created strate-
gic plans for the life sciences in the last five years; and many are outspending
North Carolina, often with proceeds from the federal tobacco settlement. At
least 16 states are using tobacco settlement money to fund bioscience research
and development. However, some states are scaling back their previous com-
mitments to biotechnology as the economy has weakened and their budget
deficits have worsened.

Virtually every state is a competitor to North Carolina, including those that
have not traditionally been strong in biotechnology. Virginia, though not ranked
among the top dozen biotech states, landed a $425 million insulin-manufactur-
ing plant in 2002 that will create 700 jobs. Eli Lilly chose Virginia because it
provided more than $5 million in grants plus workforce training services and
road improvements. Likewise, Florida, which has a modest life sciences industry
not ranked in the top 12 states, will invest $310 million in state funds to recruit
the Scripps Research Institute to West Palm Beach. Palm Beach County is
investing an additional $200 million to provide a total incentive package of $510
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”

...other regions
across the country and
around the globe have
been moving up fast in
our rear view mirrotr....
What is crucial now
for North Carolina is

a serious assessment
of what makes sense
for the state’s future
in a radically changed
global economy that is
increasingly driven by
innovation.”

— Jump Starting Innovation
THE INSTITUTE FOR EMERGING
ISSUES 2003.
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million. During the next 15 years, Scripps Florida hopes to create 6,500 jobs, and
help attract another 40,000 jobs in pharmaceutical manufacturing and related
industries that often locate near such research centers.

As biotechnology increasingly becomes a global business, North Carolina also
faces rising competition from other countries. Dozens of nations are investing
heavily in biotechnology and enacting policies favorable to the industry’s growth.
North Carolina needs to anticipate where the biotechnology industry is going,
determine what it requires, and provide the right environment for its growth
before competing states and nations do.

22 NEW JOBS ACROSS NORTH CAROLINA



A Plan to Grow the Economy through Biotechnology

A Plan to Grow the Economy
through Biotechnology

If North Carolina is to have 48,000 biotechnology-related jobs by 2013 and
125,000 by 2023, it requires a strategic plan. The plan will enable the State to
aggressively create jobs, wealth and a better quality of life for all North Caro-
linians by encouraging biotechnology investments in health care, agriculture,
the environment, manufacturing and other strategic growth industries vital
to its economy. It must also address all the elements vital to biotechnology
development: globally competitive university research; innovative and aggres-
sive technology transfer; a well-trained workforce; an excellent K-12 educa-
tion system; business-friendly government policies; strong leadership; plentiful
investment capital; statewide commitment; and a culture that supports vision-
ary thinking, risk-taking and entrepreneurship. Given the current economy
and the need for new jobs, the plan should emphasize job creation.

There are two ways to create jobs in biotechnology: start and grow compa-
nies within the state, and attract companies from outside and help them grow.
North Carolina has always pursued both and should continue with that strat-
egy, focusing on all areas of the state: east and west, north and south, urban
and rural.

STRENGTHEN BIOTECHNOLOGY STATEWIDE

CREATE ATTRACT

* Generate new ideas e Recruit, grow, and retain companies
e Move ideas to market EDUCATE

e Start and grow companies e Train the workforce

e Strengthen K-12 math and science

Create jobs

Three actions are vital to creating jobs within the state: generate new ideas;
move ideas to market; and start and grow companies.

Generate new ideas

Because the biotechnology industry is based on new knowledge and research,
it naturally clusters around excellent universities. North Carolina has world-
class public and private universities.
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These public and private research institutions are the foundation for North
Carolina’s biotechnology industry, and the state, through the North Carolina
Biotechnology Center, has invested more than $50 million over two decades to

‘Wonder drug’ credited with saving
retired professor from paralyzing illness

Everett Nichols of Raleigh woke up one morning in 1998 with
numbness in his fingers, hands and toes. By that afternoon he
couldn’t get out of his car or walk unassisted. He awoke the next
morning in a hospital bed, weak, unable to speak, and in great pain
and discomfort.

He had contracted Guillain-Barre Syndrome,
a mysterious inflammatory disease that at-
tacks the body’s peripheral nervous system,
causing rapid paralysis.

Nichols, a retired North Carolina State Uni-
versity professor of economics and business,
was placed in intensive care and put on a
respirator that forced air into his paralyzed
lungs. The only way he could communicate
was by fluttering his eyelids. “It was a pretty
scary thing,” he recalled.

EVERETT NICHOLS

Said his son Jim: “There were times when we weren’t sure he would
make it.”

Doctors gave Nichols a product made in North Carolina called Gami-
mune® N, Immune Globulin Intravenous (Human), 10%, a mixture
of antibodies purified from human blood plasma.

“It's a great medication,” Nichols said. “It's kind of a wonder drug.”

“| really credit it with saving his life,” echoed his son Jim. “I'm very
grateful to the biotechnology industry.”

Thanks to Gamimune®, Nichols’ condition stabilized, and he was
released from the hospital after three weeks. An additional two
weeks of rehabilitation helped his body regain its function. “l was
truly blessed and have recovered almost fully,” he said.

Today, the 74-year-old Nichols is in good health and leads an active
life with his wife, Jean, and their four children and four grandchil-
dren. He heads a local support group for Guillain-Barre Syndrome
patients and their families and also volunteers at the Rex Cancer
Center in Raleigh.

Gamimune® is made in Clayton, N.C., by Bayer Biological Products
at the world's largest blood plasma products plant. The 1,400-
employee operation processes donated blood from thousands of
people and harvests its life-saving components for the treatment of
a wide range of infections and immune disorders.

enhance university capacity for biotechnology
research and education. More than 4,000 faculty
and technicians at these institutions pursue new
ideas, create new technologies, start new companies,
educate future teachers and researchers, train stu-
dents, and advise companies on scientific and tech-
nical challenges in the life sciences. North Carolina’s
universities are competitive in the life sciences.

However, our universities have key needs that
must be addressed — even during difficult eco-
nomic times — if they are to generate enough new
ideas to drive the biotechnology industry. With-
out adequate support, the universities will quickly
lose ground in the intense competition with other
states and nations. Recruiting world-class bio-
science faculty and graduate students to North
Carolina is becoming difficult due to competition
and insufficient funding. Biotechnology research
depends on a strong statewide infrastructure of
scientific equipment, instrumentation, special-
ized research centers, and information technol-
ogy resources, and North Carolina’s scientists
need up-to-date tools to compete. North Carolina
should also directly fund innovative, high-risk
research with commercial potential today so it
can reap the economic benefits tomorrow.

Move ideas to market

Generating new ideas is only the beginning of

the university’s role in biotechnology economic
development. Universities directly affect eco-
nomic development as they transfer ideas from

the research laboratory into the market, a process
known as technology transfer. Different universities
have different scientists, different research special-
ties, and different approaches to technology trans-
fer. However, all their strategies are affected by
resource constraints in the university as well as the
larger financial environment in which they operate.

The role of the universities in economic develop-
ment is broader than technology transfer alone.

Connections between universities and industries
on many different levels are beneficial, including

formal collaborations such as Millennium-type campuses, interactions with
local economic developers involved in recruiting companies, and interactions
on course development and faculty recruitment. University business schools
also play an important role in training entrepreneurs.
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North Carolina is fortunate that its university leaders take economic development
seriously. North Carolina universities will continue to create new job opportunities
for North Carolinians. Still, the big role that universities play in economic develop-
ment may not be clear to all parties both inside and outside the universities, since it
is not a formal part of their mission statements.

Start and grow companies

Start-up biotechnology companies are valuable to the economy because they
typically stay in state, grow rapidly and create an entrepreneurial culture that
attracts larger companies.

In addition to intellectual property, entrepreneurial talent and venture capi-
tal are vital to starting and growing new companies and creating jobs. North
Carolina provides a supportive climate for entrepreneurship and venture capi-
tal through several organizations. The non-profit Council for Entrepreneurial
Development in Research Triangle Park is the nation’s largest business-sup-
port group of its kind with more than 4,000 active members representing 1,100
companies. It supports entrepreneurs with programs and services in educa-
tion, capital formation, mentoring and communications. The Biotechnology
Center provides funding, networking, venture capital connections and assis-
tance to companies. Several other organizations encourage entrepreneurship
and capital creation, including the North Carolina Biosciences Organization,
the North Carolina Electronics and Information Technologies Association, the
University of North Carolina Small Business and Technology Development
Center and several regional councils for entrepreneurial development.

Although North Carolina has more life science entrepreneurs and venture capital
companies than ever, it remains far short of both assets. More early stage capi-
tal is needed to move young companies from start-up to adolescence so they can
attract sufficient capital for product development and commercialization. The
importance of available venture capital at all stages of a company’s life cannot be
overestimated. As documented in the Brookings Institution’s Signs of Life report,
which includes North Carolina’s Research Triangle region, the country’s nine
most developed biotech hubs have, on average, 30 times more venture capital than
do other metro areas. North Carolina also needs more biotechnology executives
who can take a company from start-up to commercial success. Otherwise, good
technologies and jobs will die on the vine for lack of capable management.

Attract jobs

North Carolina competes with many other states and nations to attract com-
pany headquarters and research and production facilities. Its numerous life
science and contract research organizations, academic research expertise, sup-
portive infrastructure, and reasonable cost of doing business are tremendous
strengths in drawing biotechnology companies to the state. North Carolina’s
high quality of life is also an important factor in attracting biotechnology com-
panies. People from all over the world want to live and work in North Carolina.

Biotechnology companies preparing to manufacture products are impressed by
North Carolina’s workforce training programs. The $60 million Golden LEAF
commitment to train biomanufacturing workers, coupled with up to $4.5 mil-
lion from industry, is a visionary leap forward and is expected to attract compa-
nies to the state. North Carolina State University will receive $36 million to build
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and equip a pilot-scale biomanufacturing plant on its Centennial Campus. North
Carolina Central University will receive $19.1 million to build a Bioprocessing
Research Institute and Technology Enterprise and to develop graduate and under-
graduate degree programs. The Community College System will receive $9.4 mil-
lion to provide specialized workforce education and training across the state.

However, several key needs must be addressed before North Carolina can achieve its
great potential for company recruitment. First, North Carolina cannot compete on a
level playing field with regions that offer major financial incentives and other forms
of corporate assistance. Despite its many competitive advantages, North Carolina
needs a greater commitment to company finance, development incentives, and state
tax policies that other states have embraced. Second, biotechnology and biomanu-
facturing companies typically have complex and unique infrastructure require-
ments. Recruitment efforts should identify the needs of the company being recruited
and address them with the appropriate strategic benefits. A coordinated approach

to providing these benefits through the North Carolina Department of Commerce
is critical. Third, the Department of Commerce needs greater staff and financial
resources to coordinate even more aggressive and proactive recruitment campaigns.

Educate

North Carolina’s two-pronged approach to biotechnology job creation —
create and attract companies — can work only if there is a strong supporting
foundation of trained workers, teachers and researchers, and excellent K-12
science and math education.

Train the workforce

Biotechnology is not just a set of tools for research; it is also employed in prod-
uct manufacturing. The growth of biotechnology from research to large-scale
manufacturing has important implications for the number and types of jobs
created. First, the total number of employees increases as a company moves
from research and development to commercial-scale manufacturing. Second,
while research requires more Ph.D.s, manufacturing employs many work-

ers with community college degrees or certificates, or those with high school
diplomas and appropriate manufacturing or military experience.

North Carolina has unmatched strengths in the ability to train a
biotechnology manufacturing workforce. The nation’s first and most exten-
sive community college system is already committed to biotechnology train-
ing. Anywhere in the state, citizens are never more than a 30-minute drive
away from a community college, where they can receive hands-on training
targeted to the needs of local employers. In addition, the Community College
System’s New and Expanding Industry Training (NEIT) Program provides not
only customized training for employees of new biomanufacturing companies,
but ongoing customized training for those companies as they add jobs in the
future. The community colleges were vital to the state’s transition from a low-
wage agrarian economy to a manufacturing economy in the latter half of the
20" century, and they can play an enormous role in the state’s transition to
knowledge-based industries such as biotechnology in the 21 century.

The Biotechnology Center has partnered with industry and the North Carolina
Community College System to develop the BioWork course for training entry-
level biomanufacturing technicians and to provide continuing education for
industrial employees.

NEW JOBS ACROSS NORTH CAROLINA



A Plan to Grow the Economy through Biotechnology

These assets are not enough to ensure a highly trained biotechnology work-
force. The state should address several challenges if it is to prepare a workforce

to support both R&D and biomanufacturing.

New and experienced employees in biomanufac-
turing need access to continuing education and
training at the community college level to build
on their skills and adapt to the changing needs of
their employers. Community colleges must have
adequate resources to meet these needs.

At the baccalaureate and higher level, job appli-
cants may know the scientific theory behind
biotechnology, but they often don’t possess the
practical skills needed to work in biotechnology
R&D, biomanufacturing, and related pharmaceuti-
cal manufacturing. In 2002 North Carolina phar-
maceutical companies filled less than 15 percent of
entry-level job openings with new college gradu-
ates because those graduates lacked experience and
practical skills such as teamwork, project manage-
ment, problem-solving, and oral and written com-
munication. Educators at all levels often do not
have a good grasp of the industrial workplace and
the skills their students need to succeed on the job.

Although many educational programs provide
at least part of the required background for new
employees in pharmaceutical or biopharmaceuti-

cal manufacturing, few, if any, provide the complete package. There is a strong
need to establish comprehensive and targeted training programs at educational

institutions across the state.

Strengthen K-12 math and science

North Carolina has made tremendous strides in education in the last two
decades, due to strong leadership, investments in schools, and innovative
reforms. Yet, many challenges remain, particularly in science and math, if North
Carolina’s next generation is to be prepared for careers in biotechnology and
other knowledge-based industries. North Carolina eighth graders rank only

23" nationally in science performance on National Assessment of Educational
Progress tests. Achievement by minority students on math and science tests lags
significantly. Unless test scores improve, North Carolina will be challenged to
meet the high standards of the new federal No Child Left Behind Act.

Envisioning North Carolina’s biotech
future

Picture this: A laid-off textile worker gets community college
training for a high-paying job making poultry vaccines at a new
biomanufacturing plant in Laurinburg. Three of his neighbors land
jobs in packaging, distribution and electrical contracting to support
the plant’s operations. Meanwhile, a farmer in Bertie County grows
sweet potatoes genetically altered to produce more bio-ethanol

as a fuel additive. A physician in Charlotte practices "personalized
medicine," prescribing drugs and doses that work best for each of
his patients based on their unique genetic makeup. A pine planta-
tion in Craven County provides a paper mill with genetically altered
trees that require less chemical bleaching. University and company
researchers in Winston-Salem collaborate on a federal grant to find
a treatment for Alzheimer’s disease. In Boone a small company
extracts natural medicines and nutritional supplements from native
plants found nowhere else on earth but in the Appalachian moun-
tains. And in the port of Wilmington a cargo ship cleans its oily bilge
water with a bacterial system before discharging it into the Cape
Fear River.

So much is possible throughout North Carolina if the state builds on
its investments in biotechnology development.

In today’s high-technology world, all North Carolinians — but especially par-
ents, students, teachers, school administrators, business and local government
leaders — must understand that a solid scientific foundation can open the
door to job opportunities in biotechnology for people at all educational levels.
But science is often taught with an approach that appeals only to a certain
subset of students, and science careers are frequently not promoted as viable
options to a broad segment of the student population. Many students are
unaware of the different kinds of jobs in biotechnology and the skills required
to succeed. Math and science education must begin early, but too little empha-
sis is placed on science education in grades K-8.
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North Carolina must overcome a shortage of qualified math and science teachers. It
attracts too few teachers into these fields and has difficulty retaining them. Teach-

ers often do not know enough about the science they teach, and how best to teach it
with an inquiry-based hands-on approach. Too often their schools — especially the
poorer rural schools — lack equipment and supplies for teaching math and science.

Strengthen biotechnology statewide

Biotechnology will be increasingly important to the future of all North Carolin-
ians. Its impact will be seen in the economy through new jobs, new companies and
new applications for existing industries. Biotechnology will also affect commu-
nity development, as leaders and institutions apply it to their economic planning,
schools, agricultural sectors, health care industries, and long-term goals. In North
Carolina biotechnology already has pervasive impact throughout society, affect-
ing science and research, investment and economic development, education and
training, agriculture, manufacturing, institutions of higher education, government
agencies, and industry. Bioscience companies are located in 36 counties across the
state, as shown on the map on page 15.

Few undertakings will be as important to society in coming decades

as biotechnology. None is likely to yield such a complicated mixture of

policy, economic benefit, required resources and societal issues. Therefore,
biotechnology requires informed, sustained and high-level attention statewide.

Strategies, planning and vision for North Carolina’s third decade of
biotechnology development must be shaped by three broad imperatives:

+ Statewide development and application of biotechnology. The benefits of
biotechnology must be brought as much as possible to all citizens and com-
munities across North Carolina: urban and rural, rich and poor, east and
west, north and south, minority and non-minority.

+ Informed and strong leadership. Success in biotechnology, as with any
endeavor important to society, depends on strong leadership by all who
govern the state and manage its institutions.

+ Attention to societal and ethical issues. Addressing the significant ethical,
societal and policy issues of biotechnology is not only a societal responsibil-
ity, but an opportunity for North Carolina to display practical leadership.

Moving forward

As North Carolina enters its third decade in biotechnology, it is confronted
with opportunity and challenge.

The opportunity is great. The uses of biotechnology in health care, agriculture,
defense, forestry, specialty chemicals, and many other industries are growing
daily. Spending on biotechnology will accelerate in the years to come. Given that
biotechnology is largely where information technology was 25 years ago, with
most of its major applications not yet imagined, estimates of a global market

in excess of $100 billion within 10 years may well be conservative. Explosive
growth will bring explosive opportunity, particularly in new, high-paying jobs.

The challenge is equally great. In the global economy, competition for those
jobs is already fierce. Maintaining the status quo in biotechnology develop-
ment will be tantamount to moving backwards as other states and nations
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become more desperate and aggressive in their pursuit of jobs to replace those
that have been lost through globalization.

Fortunately, two decades of sustained attention and investment have given the
state a strong base of assets for future growth. In addition, unlike most of its
recent competition, North Carolina understands exactly what it takes to create
biotechnology jobs and to prepare workers for them, from the technicians to the
research scientists. More importantly, it is prepared to make the strategic invest-
ments required to keep moving ahead, as was recently demonstrated by the com-
mitment of $60 million by the Golden LEAF to help fund a statewide network to
train biomanufacturing workers at all levels, from post-high school through Ph.D.

Another unique attribute of North Carolina is its cohesive and collaborative
biotechnology community. Partnerships between the community colleges,
public and private universities, government agencies and industry are common
and have yielded great success, such as the training network, which has been
an industry-led initiative.

Where North Carolina should continue investing and how much is the sub-
ject of the remainder of this plan. With an economy in transition and work-
ers being laid off from the state’s traditional industries of tobacco, textiles
and furniture in record numbers, new job creation is the primary concern.
Therefore, the plan is written with job creation as the underlying goal and is
approached through seven required tasks:

Create

1. Generate New Ideas
2. Move Ideas to Market

3. Start and Grow Companies

Attract
4. Recruit and Grow Companies

Educate
5. Train the Workforce

6. Strengthen K-12 Math and Science

Strengthen
7. Strengthen Biotechnology Statewide

Implementation of the strategies

Each of these seven areas of attention is discussed in its own chapter, with rel-
evant strategies presented in a table at the end of the chapter.

The table that begins on page 86, New Jobs Across North Carolina: Moving For-
ward, identifies for all 54 recommended strategies the implementation timeta-
ble, required investment, responsible parties, and ways of measuring success.
The investment figures are preliminary estimates that will be revised as strate-
gies are refined. In all cases, the investments listed represent new dollars, over
and above current funding levels of designated institutions or agencies.

NEW JOBS ACROSS NORTH CAROLINA
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Generate New Ideas

Generating new ideas that can eventually lead to new companies and jobs is
essential for North Carolina’s economic prosperity. University research is the
primary source of these new ideas — it is the engine that drives innovative new
businesses and job creation. The most immediate payoff comes from applied
research, but even basic research can ultimately lead to commercial products.

Productive research requires talent, well-equipped laboratories and computing
resources, and substantial federal funding. In the competition for federal fund-
ing, success breeds success — talented researchers with the equipment to do the
job tend to obtain more grants, which in turn support more successful research.
But there’s a catch. Most federal research funding is for specific projects. There
is none to support recruiting talent, and the competition for the limited number
of grants to set up major new laboratories with the latest equipment is intense.
Other sources of funding are needed to fill these crucial gaps.

State leaders years ago understood this, and invested in building the univer-
sities’ capacity for research through a series of Biotechnology Center grant
programs. This early vision paid off. Today, more than 4,000 faculty and tech-
nicians conduct research in the life sciences at North Carolina’s public and
private colleges and universities. Each

year, these institutions, as well as federal

“In the new economy,
science, technology
and innovation

are the keys to
successful economic
development.”

— THE SECOND CORNERSTONE,
INVEST IN SCIENCE,
TECHNOLOGY AND UNIVERSITY
OUTREACH, OF North
Carolina’s 2002 Economic
Development Strategic Plan

laboratories and non-profit institutes, Federal Funding from All Sources
conduct more than $1.5 billion of spon- for R&D in North Carolina

sored research in the life sciences, plac-
ing North Carolina among the top five
states in the nation. State investments in

research equipment, faculty and high-risk 2
projects through Biotechnology Center 3
grants have helped public and private g
universities across the state compete S
more successfully for federal research S
funding. These investments were an %
important contributor to the increase in 2
federal funding to North Carolina insti- ® 02
tutions from 1981 to 2001, shown on the '
adjacent chart. 0

. ‘81 ‘83 ‘85 ‘87 ‘89
But competition for federal research

funds is heated. Today the top research

states are devoting significant state

resources to life sciences research. Seven states are ahead of North Carolina in
per capita funding for medical research from the National Institutes of Health,
as indicated in the table on page 34. Unfortunately, due to substantially
reduced appropriations in the last few years, the Biotechnology Center has not
been able to maintain its funding for university research projects anywhere
close to historically high levels. Now is the time for a renewed commitment
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Funding from the National
Institutes of Health, 2002

to early stage research projects that enable North Carolina scien-
tists, particularly the younger ones just beginning their careers,
to generate the initial data they need to more successfully com-

Per Capita pete for large federal grants that fuel university innovation.
State Amount
; m:f;:::;setts :;3: Attracting and retaining research talent
3 Connecticut $115 In many leading biotechnology states, economic development
4 Washington $114 policies are focused on attracting top scientific talent to both
their public and private universities. These scientists in turn
> Frode e il recruit high-quality graduate students and post-doctoral fellows,
6 Vermont $105 and are responsible for bringing large federal grants to their insti-
7 Pennsylvania $101 tutions. However, competition today for talent in the life sciences
8 North Carolina $97 is fierce and expensive. Start-up packages for scientific talent
9 New York $90 range from $200,000 to more than $3 million, not counting fac-
10 Missouri $36 ulty salary.
| Ealamle $86 At North Carolina’s public research institutions, average faculty
12 Minnesota $76 salaries are lower than in many other top biotechnology states, so

SOURCE: NATIONAL INSTITUTES OF HEALTH

... biotech regions are
leaders because they
have two necessary
elements for industry
growth: strong
research capacity

and the ability to
convert research into
successful commercial
activity.

— Signs of Life, BROOKINGS
INSTITUTION REPORT

universities are struggling to attract and retain world-class faculty.
This is difficult enough at the state’s major universities, but is an
even greater challenge for the regional institutions. These institutions histori-
cally have had limited resources and name recognition. Lack of sufficient fund-
ing makes it very unlikely that they can attract leading scientists. If high-qual-
ity biotechnology research is to be a statewide endeavor, North Carolina must
respond accordingly.

Students are as important as their professors.

Funding constraints also hinder the ability of departments to attract top
graduate students. Gifted students support research because they not only

do much of the laboratory work to move projects forward; they also produce
more and more creative ideas themselves as they mature. Once in North Caro-
lina, graduate students tend to stay or return later in their career because of
the quality of life available here. They are the future employees of innovative
businesses. Graduate students are much less expensive to recruit than their
professors, so investing in them is a cost-effective way to build an essential
part of North Carolina’s research workforce.

A necessary tool in recruiting graduate students is tuition remittances. Cur-
rently, the state funds a number of tuition remittances. This is a successful
program, but it has limitations.

+ Allocation of tuition remittances within the university system favors the
largest research institutions, UNC-Chapel Hill and N.C. State.

+ Even at the state’s largest research institutions, only a portion of the state’s
life sciences graduate students are covered.

If the goal is to grow research at regional research institutions around the
state and increase diversity in the workforce, North Carolina needs a tuition
remittance allocation that enhances graduate programs at all institutions.
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Building statewide biotechnology research

infrastructure

In addition to scientific talent, university research depends on a strong infra-

structure of scientific equipment, specialized
research centers, powerful computing resources
and general operating support. The state has pre-
viously provided this kind of support for life sci-
ences research, but current funding constraints
are weakening that infrastructure.

A key source of funding for biotechnology
research equipment has been the Biotechnology
Center’s Institutional Development Grants Pro-
gram. This competitive grants program funds
major multi-user equipment centers, encouraging
collaborative research and leveraging matching
funds from other sources. But funding for this
program has decreased by more than 50 percent
in the last two budget cycles.

If all North Carolina regions are to share in
future opportunities for biotechnology-related
economic development, the state and its part-
ners must also invest in development of regional
research centers to support biotechnology-related
competitiveness assets that are distinctive to each
sector. Examples might be marine sciences in the
east, and forest, natural products and environ-
mental biotechnology in the west.

North Carolina’s information technology infra-
structure is also currently strained by the
demands of biotechnology research. Moreover,
the new fields of genomics and bioinformatics
that are the foundation of the medical discoveries
of the future are highly computer-intensive.

Supporting innovative
research

Federal funding agencies generally reward a low-
risk approach to research that builds on past suc-
cess. Projects that explore “thinking outside the
box” aren'’t as likely to be funded. Although the
NIH is trying to address this, critics have main-
tained that the agency traditionally funds sci-
entifically conservative research that produces
incremental results, while failing to support cut-
ting-edge, high-risk research that may fail or may
catapult science into new realms.
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Seed funding bears fruit for vaccine
researcher, company

In biotechnology small amounts of money provided to the right
projects at the right time can reap big rewards down the line. Just
ask Dr. Robert Johnston, director of the Carolina Vaccine Institute at
the University of North Carolina at Chapel Hill.

Johnston received a $24,000 Academic Research Initiation Grant
(ARIG) from the North Carolina Biotechnology Center in 1987 to
develop a genetically engineered vaccine for the Venezuelan equine
encephalitis (VEE) virus.

“The grant was crucial in helping us begin studies on the VEE sys-
tem, which ultimately resulted in the formation of AlphaVax, Inc.,”
Johnston recalled.

AlphaVax, based in Research Triangle Park, is a 43-employee vaccine
company founded in 1998 by Johnston and others. The company re-
ceived a $250,000 loan from the Biotechnology Center for its early
vaccine research in 1998.

AlphaVax is developing new vaccine technology based on years of
research by UNC and the U.S. Army Medical Research Institute for
Infectious Diseases. The technology promises to improve existing
vaccines and to create new ones against a wide array of infectious
diseases and cancer.

“We have always felt a tremendous debt of gratitude to the ARIG
program and the North Carolina Biotechnology Center for support
of our research, especially as it came at a particularly critical time,”
Johnston said. “Converting a good idea into a vibrant and commer-
cially viable technology is a very difficult process throughout, but
good ideas don’t even get a chance without the initial seed money
to demonstrate their potential. That is what the Biotechnology
Center’s ARIG funding provided to us.”

AlphaVax has received about $39 million in federal grants during
the last two years to develop vaccines against HIV and two groups
of disease-causing agents that could be used in terrorist attacks:
botulinum neurotoxins and equine encephalomyelitis viruses.

“In addition, our laboratory at UNC is operating on approximately
$18 million of current and committed grant monies, all based on
projects descending directly from the work funded in the beginning
by the Biotechnology Center grant,” Johnston said. “It's safe to

say that these accomplishments certainly would have been delayed
significantly without the Biotechnology Center funding, and it is rea-
sonable to surmise that they may never have occurred at all without
that support.”
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Most scientists will not pursue research based on new, unproven ideas if

they do not have the grants to do so. Without grant funding, scientists are in
danger of losing access to university resources and, ultimately, their livelihood.
In the past, the State met this need for high-risk life science research through

Company'’s patience gives patients
new drug against AIDS

In their labs at Duke University Medical Center, Dr. Dani Bolognesi
and Dr. Tom Matthews spent years studying HIV, the virus that
causes AIDS. In the early 1990s they discovered a molecule that
inhibited the virus from infecting healthy cells.

Today that molecule is known as Fuzeon, the first in a new class of
powerful drugs to treat AIDS.

The path from idea to marketed drug was long, expensive and
difficult. It began in 1993 when the two Duke scientists formed a
Durham company, Trimeris Inc., to develop their discovery.

A $250,000 loan from the Biotechnology Center helped Trimeris
conduct research and raise venture capital. A patent for Fuzeon was
granted. Lab and animal testing began, followed by early human
clinical trials. The company raised $33 million in a public stock of-
fering and hired more employees. It formed a collaboration with F.
Hoffmann-La Roche to develop, manufacture and commercialize the
drug on a global scale. Advanced clinical trials were conducted, and
a New Drug Application was filed with the FDA.

Finally, after more than 10 years of work and tens of millions of
dollars invested, Fuzeon gained FDA approval and was commercially
launched in 2003. Today Fuzeon is making a huge difference in the
lives of thousands of AIDS patients, and Trimeris is making a big
contribution to North Carolina’s economy with 135 employees on
the payroll.
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the Biotechnology Center’s Academic Research
Initiation Grant (ARIG) Program, but the pro-
gram has been discontinued due to budget cut-
backs. This proven program helped North Caro-
lina universities attract on average about $14 in
federal research for each state dollar granted and
generated innovative research that led directly

to the establishment of new companies such as
AlphaVax. Building on a $24,000 ARIG to a key
investigator and a subsequent $250,000 loan from
the Biotechnology Center, AlphaVax has received
$39 million in federal grants.
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Generate New Ideas: Recommended Strategies

Attract and retain research talent

1 | Re-commit to funding the | Currently, more than two-dozen endowed chairs in biotechnology-
existing endowed chairs related areas remain un-funded by the General Assembly. Not only are
for faculty and establish universities deprived of the faculty to fill these chairs, but this lack of
a general fund for faculty funding commitment also deprives North Carolina of an opportunity to
start-up packages leverage $2 in corporate, alumni and charitable foundation contributions

’ for every $1 invested by the state. The state should renew its commitment
to the endowed chairs, fund the endowed chair backlog, and establish a
general fund for faculty start-up packages.

2 | Recruit targeted faculty The State has previously funded targeted faculty recruitments through the
through the Biotechnology Biotechnology Center’s Faculty Recruitment Grant Program. During the
Center’s Faculty last 17 years, this program has invested more than $9.8 million to attract
Recruitment Grant Program. 46 highly respected faculty members to public and private universities in

North Carolina. In turn, those scientists have attracted more than $160
million in research funding. Unfortunately, this recruitment program is
operating at about one-tenth its former level due to State funding cuts.
Additional funds are required to broaden the program’s ability to help
North Carolina universities remain competitive.

3 | Recruit top graduate Attracting top graduate students pays enormous dividends. The most

students.

cost-effective way to build the high end of North Carolina’s biotech
workforce is to recruit scientifically gifted students in their formative years
and to retain them.

Build statewide biotechnology research infrastructure

4 | Renew and expand State Scientists must have up-to-date tools to compete in the ever-changing
funding for equipment and world of biotechnology research. The State should provide increased
instrumentation through resources to Biotechnology Center programs that support the purchase of
Biotechnology Center major multi-user equipment and instrumentation at research universities

throughout the state.
programs.

5 | Develop a statewide Cutting-edge research often comes from specialized centers that bring
network of research centers | together scientists to focus on a specific scientific frontier. These centers
focused on key regional can be important components of a region’s economic strategy. The
resources. State should consider funding a few new research centers that would be

located in regions around the state, would focus on a resource unique
to that region (e.g., natural products from the Appalachian mountains
in western North Carolina), and would facilitate each region’s economic
development.

6 | Seek federal funds to create | With the guidance of the North Carolina Genomics and Bioinformatics
a powerful statewide Consortium, the State, its universities, and industry should form a
information technology partnership to obtain federal funding to develop a dynamic, statewide,
infrastructure to support d!strlbuted-computlng approach to data management and sharing for
biotechnology research. biotechnology.

Support innovative research

7 | Support early-stage New company creation results directly from innovative, high-risk research.
applied research through Howe_ver, most federal funding age_ncies g_enerally reward a cons_ervative,
Biotechnology Center low-risk approach to research that is less likely to yield commercially

Academic Research
Initiation Grants.

relevant discoveries and company creation. The State should increase the
Biotechnology Center’s appropriation so that it can restore funding for the
Academic Research Initiation Grants program and other grants programs
that support high-risk projects and multidisciplinary collaboration.
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Move Ideas to Market

Creating new ideas is only the beginning of the university’s role in
biotechnology economic development. The university is also the gateway from
the mind to the market. New knowledge is essential for a dynamic, growing
and prosperous biotechnology industry. It produces the intellectual property
that generates the commercially viable products, processes and services to
support the formation, growth and profitability of biotechnology companies.
Because the industry is both science-based and young, it depends on a con-
stant flow of discoveries from university and private labs. The ways in which
universities interact with companies are at the heart of the biotechnology

economy.

Transforming new ideas into
commercial opportunity

The movement of ideas from the laboratory to
commercialization is known as technology trans-
fer. Technology transfer happens at the intersec-
tion where university and industry meet. Most
universities across North Carolina have commit-
ments to economic development through their
technology transfer activities. Eight North Caro-
lina universities have formal technology transfer
offices, and others that don’t have dedicated offices
are nonetheless active in technology transfer.

North Carolina’s technology transfer offices have
succeeded in working with faculties to make
certain scientists are aware of intellectual prop-
erty that might have commercial applications
and should be patented. But technology trans-
fer extends beyond patent applications. It also

includes licensing and creating university start-up companies.

How these technology transfer functions are handled by a university directly
affects how much a state will benefit from university creation of new ideas.
The figure University Technology Transfer on page 40 shows the broad outlines
of the role that technology transfer plays in economic development.

Because North Carolina universities are committed to economic development,
they attempt to consider economic gains to the state in the creation of their
technology transfer strategies. Different universities naturally have different
faculty, different research specializations, and different approaches to tech-
nology transfer. However, all their strategies are affected by the resource con-
straints in the current university environment as well as the larger financial

environment in which they operate.

Technology transfer activities include a delicate balance of licensing new tech-
nology to existing companies versus creating a university start-up company,
and licensing the technology to the start-up company. When possible and

NEW JOBS ACROSS NORTH CAROLINA

More than a third

of North Carolina’s
biotechnology
companies began in a
university.

The value of university technology
licensing

As reported on the Biotechnology Industry Organization’s Web site:

“The Association of University Technology Managers (AUTM) pub-
lishes detailed data on the economic impact of licenses of universi-
ties, hospitals, and nonprofit organizations engaged in the process
of transferring inventions from academic and related research orga-
nizations. These licenses are the critical means for ensuring that basic
research is developed into products for the benefit of consumers.

An economic model developed by AUTM shows that in FY 1997,
$28.7 billion of U.S. economic activity can be attributed to the
results of academic licensing, supporting 245,930 jobs. In FY 1996
and 1995 the comparable figures were $24.8 billion and 212,500
jobs and $21 billion and 180,000 jobs respectively.

...itis clear that an overwhelming percentage of all of the economic
activity reported in those surveys comes from life sciences research
and technology transfer. ”
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appropriate, many universities pursue start-up company creation, which keeps
the economic potential of new technology within North Carolina. More than
a third of the state’s biotechnology companies were started based on tech-

University

University
Technology
Transfer

cientist/Entrepreneur

Ne Iﬂm ith
Comm ential

Office of
Technology Transfer

(probably out-
of-state)

New start-up created by

technology

Jobs created

n
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nologies developed by North Carolina universities.
They include AlphaVax, Biolex, EcoGenomix, Embrex,
Hemocellular Development, Inspire Pharmaceuticals,
Kucera Pharmaceutical, LipoScience, Merix Bioscience,
Oriel Therapeutics, Sphinx Pharmaceuticals, Trimeris
and many others.

Unfortunately, the most lucrative licensing deals are
frequently struck with out-of-state companies; there-
fore, any subsequent job creation is beyond North
Carolina. New company creation, however, has the
potential of job growth and taxable revenue generation
within the state.

Technology transfer offices must have the resources
and flexibility to be as responsive as possible to mar-
ketplace realities. Today’s risk-capital environment for
the biotechnology and life sciences industries is diffi-
cult. Investors and licensees tend to participate at later
stages of company and technology development. There-
fore, early stage investments in university-based tech-
nologies have decreased. Current investors and poten-
tial licensees need more fully developed university-
based technologies.

Later-stage investment affects how many resources a

university can devote to developing

a technology before it is ready for
Velﬁ$t~'tal licensing to an established company.

It also affects when a university
start-up company based on the new
technology can attract investment.
The bottom line is that university
technology transfer offices today
need more resources to develop
technology to a later stage than
they did previously. For some uni-
versities, these resources may mean
internal resources for technology
development. For other universities,
it may be better to have an entity
outside of the university that is ded-
icated to very early stage investment
in technology development. In addi-
tion, for technologies better suited
for licensing, the process of negoti-
ating the license should be as quick
and easy as possible.
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Making the university-industry connection

The role of the university in economic development extends beyond technol-
ogy transfer. Connections between universities and industry, though subtle

and broad, are vital because they promote eco-
nomic development.

Many universities are already establishing close
and appropriate collaborations with industry
through innovative models such as the Millen-
nium Campus Act. The Act supports the adop-
tion of North Carolina State University’s Centen-
nial Campus model by other universities across
the state. Many universities, including UNC-
Chapel Hill, UNC-Charlotte, UNC-Greensboro,
N.C. A&T and Western Carolina University, are
working on Millennium Campus projects.

Businesses and economic developers also benefit
from establishing close and productive relation-
ships with universities in their communities. In
fact, the benefits of communication flow in both
directions. University research expertise helps
businesses and is therefore a business-recruit-
ment asset, while business leaders provide essen-
tial advice to universities on strategic directions
and ways to commercialize new ideas.

It is also helpful for universities and industries to
communicate about skill sets needed by gradu-
ates. Universities can in turn use this informa-
tion to help design courses and to make more
informed faculty-hiring decisions. Industries

in turn are able to get the expertise they need
locally rather than having to search nationally or
internationally. It is important to remember that
one reason why the Research Triangle Park was
created was to reduce the “brain drain” of faculty
and students from the state.

Supporting the scientist-
entrepreneur

In today’s economy, productive interaction
between academia and industry is both a require-
ment and a challenge. Universities and the private
sector function in very different realms with dif-
ferent objectives, values, incentives and cultures.

University-industry culture clashes can occur. However, with the vision and
encouragement of the state’s leaders, and the commitment of the UNC System
to the economic development mission of the universities, North Carolina’s
universities have had early success in the state’s innovation economy. They
take their role in economic development seriously.
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Technology transfer: one scenario

Universities need the flexibility to meet their specific technology-
transfer needs in response to marketplace realities. There are many
different possibilities for viable models of technology transfer.
Consider the following example:

At Future University, technology transfer activities are handled
through a new organization with innovative functions, diverse fund-
ing sources and the flexibility required to maximize the impact of
university discoveries on job creation in North Carolina. What is that
organization and how does it work?

Innovation Corporation (IC) is a private organization, for-profit or
non-profit, and external to, but affiliated with, Future University.

IC has a corporate board and a CEO who reports jointly to the
board and to the Chancellor or his/her designee and is accountable
for performance goals. Performance benchmarks are tightly aligned
with operating objectives, budgets and other resource allocations.

Functions of IC:

e |C has personnel for a range of activities: 1) aggressive business
developers comfortable carrying out a full range of start-up
business planning activities and promoting the needs of early
stage companies; 2) experienced deal makers negotiating for
the best licensing deals possible; 3) outreach personnel who are
dedicated to cultivating positive relationships with faculty and
keeping track of their inventions; and 4) staff who specialize in
other aspects of technology licensing and development.

e As a private organization, IC has flexibility in salary schedules and
performance-based compensation sufficient to attract and retain
extremely talented technology-development professionals.

e |C has access to a variety of funds and incubation space to
support its early stage companies until they are mature enough
to attract sufficient venture capital and move forward more
independently. These funds come partially from the university’s
endowment, and also from other sources including private inves-
tors. Angel investors are cultivated from successful alumni, who
are also encouraged to help mentor the CEOs of the start-up
companies in which they are investing.

e University faculty (from the Business School and elsewhere),
alumni and friends serve as advisors to the start-up companies
on finance, marketing, operations, and other topics as needed.
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However, because the UNC System is not formally charged with economic
development, the scope of university involvement in economic development
may not be clear to all parties, both inside and outside the university. The cur-
rent mission statement charges the universities to “discover, create, trans-

Companies spring from university

technologies

More than 50 biotechnology companies throughout the state are

based on technologies developed at North Carolina universities,

including the following examples.

‘ University

Company

AlphaVax UNC-Chapel Hill / N.C. State

Biolex N.C. State

BioMarck Pharmaceuticals N.C. State

BioResource International N.C. State

DarPharma UNC-Chapel Hill

EcoGenomix UNC-Greensboro

Embrex N.C. State

Hemocellular Development East Carolina University /
UNC-Chapel Hill

Inspire Pharmaceuticals UNC-Chapel Hill

Kucera Pharmaceutical Wake Forest University /
UNC-Chapel Hill

LipoScience N.C. State

Merix Bioscience Duke

Norak Biosciences Duke

Oriel Therapeutics UNC-Chapel Hill

Qualyst UNC-Chapel Hill

Sphinx Pharmaceuticals Duke

(acquired by Eli Lilly)

StemCo Duke

Trimeris Duke

42 NEW JOBS ACROSS NORTH CAROLINA

mit, and apply knowledge to address the needs
of individuals and society” through instruc-
tion, research, scholarship, creative activities
and public service. Economic development is not
explicitly addressed in the mission statement or
in the UNC strategic directions. Clarifying the
economic-development role of the universities
in the strategic directions could help build on
the solid commitment that the universities have
already made.

Along with the formalization of the university
commitment to economic development should
come resources for the universities to pursue this
mission and adjust their internal incentives. In
the biotechnology-related scientific fields, faculty
researchers are often constrained in their ability
to engage in industrial and economic development
activities such as industry-sponsored research,
applied research, entrepreneurial business cre-
ation and technology transfer. They are pressured
to meet traditional standards of career progress
that focus mainly on the number of publications
in prestigious academic journals. Publications
are, and will remain, central to establishing and
maintaining scientific credibility, but today the
number of publications in basic research journals
is not necessarily the most accurate indication of
a faculty member’s worthiness or impact on the
field. Considering the total impact of all faculty
achievements in promotion and tenure decisions
could help reward faculty for participating in eco-
nomic development activities.

Some faculty members find that, after they make

a commercially important discovery, moving that technology into the market-
place requires substantial amounts of their time. Having university policies
that encourage an “entrepreneurship sabbatical” could help give faculty the
time to develop technologies sufficiently for commercialization.

Faculty who have conducted commercially significant research that results in
a start-up company sometimes find that they could benefit from specialized
guidance in company formation and product development. This is particularly
important in the current economic climate because most venture investors
are waiting until late in the development cycle before investing. These faculty
could benefit from a dedicated university “entrepreneur-in-residence” who
could act as the interim CEO of a new company and network with potential
angel investors, venture capitalists and other funding sources.
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Move Ideas to Market: Recommended Strategies

Transform new ideas into commercial opportunity.

8

Provide universities with
the resources and flexibility
to structure technology
transfer offices that meet
their unique needs.

Make the university-industry connection.

North Carolina has good momentum in technology transfer. To accelerate
the growth of the state’s biotechnology-related industries, technology
transfer offices must have the resources to execute strategies that are in
the best economic development interests of the state. And they need the
flexibility to modify their methods of technology transfer to best meet the
changing realities of the marketplace.

9 | Utilize existing and new Research parks, university-based or independent, provide functioning sites
research parks to facilitate for biotechnology training, university-company partnerships, university-
regional biotechnology based spinouts, and shared facilities. Goals and development of the new
development. Millennium Campuses statewide can include biotechnology activities

appropriate to the resources of the universities and communities they
serve.

10 | Establish university Universities across North Carolina should work consistently with the
leadership/economic Department of Commerce and local economic developers to enhance
development networks. business recruitment and retention. The state’s Small Business and

Technology Development Center offices would be an asset to this
endeavor, as would Biotechnology Center satellite offices.

11 | Strengthen ties between The challenge for both universities and businesses is to find common
universities and industry. ground between their very different cultures and ways of operating.

Universities must balance their open and objective pursuit of basic
knowledge with their pursuit of research for commercial gain. Having a
single point of contact within the university responsible for coordinating
and facilitating industry relations could encourage university-industry
connections.

Support the scientist-entrepreneur.

12 | Define the economic The UNC Board of Governors should update the UNC System strategic
development missions of directions to acknowledge and formally accept the key role the
the universities. universities play in economic development. The new strategic directions

should focus on university contributions such as start-up companies,
impact of graduates employed in the regions, new companies, and
technology transfer, all of which can help improve the economies of the
regions served by the universities through creation of jobs, wealth and
opportunity. However, this expansion of the economic development role
must be carefully considered and structured so that it complements and
contributes to the traditional university roles of education, public service
and research.

13 |Incorporate an evaluation of | Individual faculty should be able to build successful careers in academia
“total impact” into faculty while placing greater emphasis on applied research, intellectual property
promotion and tenure creation, entrepreneurial ventures, teaching, and mentoring graduate
decisions. students.

14 | Provide support to Promising faculty members working toward commercially relevant

faculty for pursuing
entrepreneurial endeavors
and entrepreneurial
sabbaticals.

discoveries should be encouraged and allowed to apply for sabbaticals to
pursue entrepreneurial activities. These entrepreneurial sabbaticals would
be distinct from research sabbaticals, and should have a separate funding
source. The funding could come from either the universities’ technology
transfer functions or a centralized fund established at the Biotechnology
Center, to ensure eligibility for faculty at both public and private
universities and not-for-profit research institutes. Sabbatical awards should
be made on the basis of importance and commercial potential of the
faculty applicant’s research.

NEW JOBS ACROSS NORTH CAROLINA
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Move Ideas to Market: Recommended Strategies

15

Establish an entrepreneurs-
in-residence program.

Entrepreneurs in residence would provide the unique skills needed to
interact closely with the scientist-entrepreneur during the early stage of
company formation. The entrepreneur-in-residence could act as interim
CEO of multiple early stage start-up companies, and grow the companies
to the stage where a full-time management team would be needed.
The entrepreneur-in-residence could be based in either the university
technology transfer office or the business school. Once a critical mass
of entrepreneurs-in-residence exists around the state, the Council for
Entrepreneurial Development, working with the Biotechnology Center,
could convene statewide quarterly meetings of them to share ideas,
experiences, and resources.

NEW JOBS ACROSS NORTH CAROLINA
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Start and Grow Companies

North Carolina is home to dozens of entrepreneurial biotechnology compa-
nies that began either as spinouts from larger life sciences companies or as
new companies based on discoveries licensed from a private or public research
university in the state. Once concentrated almost exclusively in the Research
Triangle area, new biotechnology companies are beginning to emerge in other
parts of the state, including the Triad, Western North Carolina, Charlotte and
the East.

It should not be surprising that North Carolina led the nation in creating

new biotechnology companies during the most recent five years measured by

a 2003 U.S. Department of Commerce study. As discussed in the prior two
chapters, the state is home to many outstanding public and private research
universities that provide a steady supply of new ideas and intellectual property
with commercial potential in biotechnology. In addition, the state’s larger life
sciences companies routinely out-license technologies and discoveries that will
not be developed further in-house.

Those out-licensed technologies Percentage Growth in New Biotechnology
often form the basis of new com- Company Establishments by State, 1997-2001

panies in North Carolina.

Helping these young companies North Carolina |

grow and facilitating the cre- California
ation and growth of additional Maryland
biotechnology companies should
be a high priority for North Car-
olina. While larger companies,

Colorado

Pennsylvania

particularly those engaged in bio- New Jersey
manufacturing, can bring many Michigan
jobs quickly, the State cannot rely Washington
solely on recruiting big companies New York
to meet its long-term economic

Massachusetts

development needs. The tremen-

dous competition for the relatively Connecticut

small number of these opportuni- Texas
ties makes that approach too risky. Wisconsin
A balanced job-creation strat- llinois

egy that includes building new
biotechnology companies, as well
as attracting both established and 0 5 10 15 20 25
emerging companies to the state,

offers much greater potential over

the long term.

That is not to say that biotechnology start-ups are risk-free. In fact,
biotechnology companies are relatively high-risk ventures, and some fail.
The risk of failure, however, is balanced by the opportunity for great rewards.
These companies are potentially high-growth, wealth-producing businesses
that create good jobs.
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SOURCE: “A SURVEY OF THE USE OF
BIOTECHNOLOGY IN THE U.S. INDUSTRY, OCT.
2003" U.S. DEPARTMENT OF COMMERCE —
TECHNOLOGY ADMINISTRATION
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Biotechnology companies that are successful and provide good returns to
their early investors help attract more investment capital to their communi-
ties, which in turn supports the creation of more start-up companies and more
jobs. Mature biotechnology companies yield seasoned entrepreneurs who
transition back into new start-ups, thereby increasing the likelihood of success
for these new ventures. Some biotechnology companies grow into major cor-
porations that spin off new ventures and build alliances with, or invest in, new
biotechnology start-up companies. This activity is a positive loop that yields
continuous economic growth. North Carolina can encourage this loop by sup-

Of chickens and eggs:
Embrex transforms the poultry business

In the old days of the poultry business, newborn chicks were vacci-
nated by hand, a cumbersome and expensive method that was also
stressful to the birds.

Today many poultry hatcheries around the world use an automated
egg-injection system to vaccinate poultry in ovo, or in the egg.

The system, developed by Embrex Inc. of Durham, saves time and
money and gets the chicks off to a healthier start. It is used to vac-
cinate more than 80 percent of broiler birds raised in North America
against Marek’s disease.

The Inovoject® system is one of several patented biological and
mechanical products developed by Embrex that improve bird health,
reduce bird and production costs and provide other economic
benefits to the worldwide poultry industry. The company’s product
portfolio also includes Bursaplex®, a USDA-approved vaccine against
infectious bursal disease.

Founded in 1985, Embrex received $221,192 in early financial assis-
tance from the North Carolina Biotechnology Center for its research
and development. The company went on to raise $16 million in
venture capital and gain $27.5 million in two public stock offerings.
Today it is a profitable company that employs 140 North Carolin-
ians — many of them engineering and poultry science graduates

of North Carolina State University. Embrex is building a new vac-
cine-production plant in Laurinburg that will employ 35 additional
workers.

porting the promising companies that are on
track to become major corporations.

Helping emerging companies succeed

If the environment is supportive, biotechnology
companies tend to cluster near the source of
their technology and remain there as they grow.
Unlike most other states — even those with more
biotechnology companies and workers — North
Carolina has a well-developed biotechnology
community that is committed to maintain-

ing a positive environment for entrepreneurial
biotechnology companies. This community has
been nurtured and facilitated by organizations
such as the Biotechnology Center, the Council for
Entrepreneurial Development, the North Caro-
lina Biosciences Organization (NCBIO, the trade
association for North Carolina’s biotechnology
industry), the Small Business and Technology
Development Center, and the community col-
leges’ Small Business Center Network. These
non-profit organizations routinely work together
on initiatives designed to help young companies
succeed. The state’s community colleges, public
and private universities, venture capitalists, eco-
nomic developers, and government agencies

are also active participants in North Carolina’s
biotechnology community.

Unfortunately, a supportive environment alone is not enough to guarantee
the success of emerging biotechnology companies. Successful biotechnology
companies also require intellectual property (discussed in two prior sections),
large amounts of research funding and investment capital, and seasoned
entrepreneurial leaders knowledgeable in science and business.

To give its young biotechnology companies the greatest possible chance to
grow and succeed, and to help attract companies to the state, North Carolina
needs to ensure that its business policies support the risk/reward trade-offs
inherent in these companies. By increasing State funds available for invest-

ment in North Carolina biotechnology start-up companies, aggressively mar-
keting investment opportunities in North Carolina biotechnology companies
to national and international investors, and enacting tax policies that encour-
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age biotechnology company formation and growth, the State would stimulate
substantial economic development.

State actions to address the challenges faced by emerging biotechnology com-
panies should be augmented by additional initiatives undertaken by the private
sector and North Carolina’s broader biotechnology community. In particular,
these organizations could help cultivate and develop biotechnology entrepre-
neurs and could create new programs to help biotechnology companies access
funding, scientists, technologies and other forms of research assistance from
federal agencies. Apart from grant programs designed to support research

by small businesses (SBIR/STTR), most North
Carolina companies are barely aware of the vast
resources available from the National Institutes
of Health and other federal agencies to support
their innovative research.

to new drugs

Targacept navigates long, winding road

With about $90 million raised in venture capital since August 2000,
Targacept could be labeled an overnight success. But the Winston-

Salem company’s rise to prominence has actually been a 15-year

journey.

Increasing sources of early
stage investment capital

Targacept, which operates in the Piedmont Triad Research Park,

grew out of research by its parent company, R.J. Reynolds Tobacco,

The investment required to develop a new
biotechnology product, particularly one for
human health care, ranges from tens of millions
to hundreds of millions of dollars. By the time it

receives approval from the FDA, a new human
therapeutic may require investment upwards of
$500 million. Capital is also needed over a long
period of time — in some cases even a decade or
more — because of the extensive research, devel-
opment and testing that is required to commer-
cialize a product in a regulated market.

AHdVYOOLOHd TIVIAS dIAVA

At the earliest stage, when a biotechnology com-

pany is developing its new ideas, capital comes
primarily from individual investors called
“angels” and from federal and other research
funding sources. If an idea looks promising as a
commercial product, the company requires more
funds to develop a prototype and to bring the
product to market. Capital for these later stages
comes from venture capital funds and strategic

Triad Research Park

Targacept’s headquarters in the Piedmont

in the pharmacology, chemistry and toxicity of nicotine. The com-
pany spent nearly 10 years in incubation from the late 1980s until it
was formally established in 1997.

The company spun out
from R.J. Reynolds in
2000 and raised $30.4
million, the fourth
largest figure in North
Carolina at that time.

Targacept is working on
medications that focus
on the central nervous
system and specifically,
nicotinic receptors. It is
developing compounds

that can stimulate the receptors to ease the symptoms of such
diseases as Parkinson’s and Alzheimer’s. The company’s other lead
compound is geared toward ulcerative colitis.

Investors have been impressed with Targacept’s compounds and
66-member work force. The company secured $46 million in new
venture capital investments in late 2002.

partnerships with large companies.

As companies mature and their products become commercially viable, many
turn to the equity market for financing, often raising tens or hundreds of mil-
lions of dollars in initial public offerings and subsequent follow-on offerings of
stock. In the last three years, however, there have been very few initial public
offerings by biotechnology companies — and none in North Carolina — due
to the depressed economy and bearish stock market. This has given venture
capitalists fewer opportunities to “cash out” their investments, and thereby
constricted the flow of new venture capital investments. Biotechnology com-
panies hungry for cash, especially the higher-risk early stage companies, have
suffered from the capital shortage.

NEW JOBS ACROSS NORTH CAROLINA

47



48

Start and Grow Companies

The Brookings Institution’s Signs of Life report indicates that while the Research
Triangle is among the top five metropolitan areas with the highest concentra-
tions of venture capital for life sciences, it still lags far behind California and
Massachusetts, homes to the largest concentrations of biotechnology companies

Award-winning entrepreneur thrives
in North Carolina

Is North Carolina a good place for a biotechnology entrepreneur to
grow a company?

"Absolutely,” says Christy Shaffer, chief executive officer of Inspire
Pharmaceuticals, a drug-development company in Durham. “North
Carolina is a nurturing place with organizations like the Council for
Entrepreneurial Development and the North Carolina Biotechnology
Center. The atmosphere
in North Carolina is
such that people tend
to help one another...
We know each other
well and can call on
each other when times
are tough.”

Shaffer knows firsthand
the challenges and
rewards of leading a
young biotechnology
company. Her fast-track
career has taken her
from a university research lab to the executive suite of a publicly
traded company on the verge of its first product approval.

Christy Shaffer, Ph.D., chief executive
officer, and Greg Mossinghoff, president,
are pictured with Bruce Aust (right),
NASDAQ's executive vice president.

Shaffer, who has a Ph.D. in pharmacology from the University of
Tennessee, came to North Carolina in 1987 for a neurobiology
fellowship at the University of North Carolina at Chapel Hill with
one of the founding scientists of Inspire Pharmaceuticals. She then
left academia to work in clinical research at Burroughs Wellcome
before its merger with Glaxo. In 1995 she became the first full-time
employee of Inspire and within four years was appointed CEO.

Under her leadership, Inspire raised $78 million in an initial public
offering of stock in 2000, gained another $78 million in a secondary
offering in 2003, and filed a New Drug Application with the FDA
for its first product, an ophthalmic drug for dry eye disease. The
company hopes to receive FDA approval for its first product in 2004.
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in the country. There is even less available capital
outside the Triangle area and notably little con-
nection between the state’s biotechnology entre-
preneurs and the highly developed banking and
finance industry in Charlotte.

The Economic Development Investment
Fund

Historically, the Economic Development Invest-
ment Fund (EDIF) established and managed by
the Biotechnology Center has provided loans to
companies at very early stages of development
when risk of failure is particularly high. Yet, the
Biotechnology Center has had a good track record
of picking winners through careful review of
applicants based on their business plans, their
management teams, and the scientific merit of
their intellectual property. Though small, loans
from the EDIF have enormous impact in help-

ing these companies secure federal grants, form
company partnerships and attract further venture
capital investments. Loans totaling $10.6 million
have helped 70 young companies attract more
than $500 million in funding from other sources.
However, the EDIF is being rapidly depleted.
Funding must be increased if this cost-effective
and successful investment strategy is to continue.

Providing direct state investment
capital

Many states have recognized that risk capital
must be available to early stage biotechnology
companies. Wisconsin, California, Washington,
Pennsylvania and New York are making state
funds available to seed new biotechnology com-
panies. North Carolina should consider making a
small percentage of its escheat or pension funds
available for investment by appropriately quali-

fied third-party intermediaries in early stage biotechnology companies located
in North Carolina. Such an investment could help ensure that companies
formed around ideas generated in North Carolina stay in the state and further
add to the creation of jobs, industry, and the entrepreneurial culture.

Stimulating individual investment in biotechnology

The State’s Qualified Business Venture (QBV) tax credit provides individu-
als with an incentive to invest in early stage biotechnology companies. Inves-
tors receive a state income tax credit of up to 25 percent of their investment



Start and Grow Companies

in a company in which a limited number of organizations, including the
Biotechnology Center, have also invested. The QBYV is set to expire in 2007.
Making the QBV permanent would ensure individual investor participation
in the growth of biotechnology in North Carolina for many years to come.
Increasing the QBV credit cap of $6 million and expanding the pool of inves-
tors who can claim the credit would further stimulate investments in early
stage biotechnology companies and venture capital funds. In addition, pro-
viding qualifying QBV status to biotechnology company founders and board
members would allow some of the individuals most critical to the success of a
company to claim this credit.

Venture capital drives

Marketing North Carolina bioscience companies

Drawing national and global investment to North
Carolina is another way to increase venture capi-
tal flow into the state’s early stage biotechnology
companies. Most major venture capital funds do
not have offices in North Carolina and are often ~ * Academy Centennial Fund * Franklin Street Partners
unaware of the substantial investment opportu- e Academy Ventures Funds e Frontier Capital

nities in the state. North Carolina’s vibrant entre-
preneurial community should be marketed to
national and international investors seeking ven- ¢ Atlantis e Kitty Hawk Capital
ture opportunities.

Following are some of the North Carolina-based venture capital and
angel funds that have invested in bioscience start-up companies
throughout the state in the last two years:

e A.M. Pappas & Associates e |ntersouth Partners

e Aurora Venture Funds e N.C. Enterprise Fund
Helping companies access federal e BD Ventures e Piedmont Angel Network
resources e BioVista Capital e Research Triangle Ventures
Helping companies does not alwe'lys rf:quire direct . cpariotte Angel Partners e Tri-State Investment Group of
investment. Many small companies simply need Chapel Hil

help accessing federal resources. Federal agencies ~* Pogwood Equity

such as the National Institutes of Health can pro- e Eno River Capital
vide young biotechnology companies with scien-
tific collaborations, research tools, technologies
for licensing, and help with clinical trials of novel therapies. These interactions
can also provide a stamp of credibility for biotechnology companies trying to
prove their technologies and products. Increased outreach and networking
activities organized and coordinated by State agencies and nonprofit organiza-
tions can help company executives learn more about federal resources.

o Wakefield Group

Providing targeted tax relief

Biotechnology companies need a supportive business climate to encour-

age their growth. Various states offer tax policies favorable to the growth of
biotechnology companies. North Carolina should examine these policies

— and compare them with its own — to ensure that the State is competitive.
These might include the R&D tax credit, potential sales tax exemptions and
ways to encourage repeat investment in North Carolina by “serial entrepre-
neurs.” Several approaches to refining tax policies and stimulating investment
in biotechnology and other knowledge-based companies have been proposed in
the State’s Economic Development Board strategic plan titled “We Are Chang-
ing the Way We Do Business,” released in 2002. These should be given careful
consideration.
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Developing successful entrepreneurs

Seasoned management teams capable of taking a biotechnology company
from start-up to profitability are relatively scarce in North Carolina. The skills

Big companies, mergers provide
entrepreneurial talent

Robert Ingram, former chief executive officer of GlaxoSmithKline,
once noted that big mergers are an excellent way to build new com-
panies. The record certainly bears him out.

Textbook examples came in the 1990s when Burroughs Wellcome
merged with Glaxo and then Glaxo Wellcome merged with Smith-
Kline Beecham. The mega-mergers prompted seasoned pharma-
ceutical executives to seek new opportunities and create their own
companies.

“Many of the successful local companies have been or are currently
led by a senior team made up of folks from (the merged compa-
nies),” said Christy Shaffer, chief executive officer of Inspire Pharma-
ceuticals Inc. Shaffer joined Inspire Pharmaceuticals from Burroughs
Wellcome in June 1995 as the company’s first full-time employee.

More than 20 bioscience companies in North Carolina have been
started by former Burroughs Wellcome, Glaxo and SmithKline Bee-
cham executives who left the big companies but remained in North
Carolina.

For instance, Lineberry Research Associates of Research Triangle
Park was started by Charles and Cathy Lineberry, both former
Burroughs Wellcome executives. The drug development company
Pozen was formed in Chapel Hill by John Plachetka, a former Glaxo
executive. Triangle Pharmaceuticals (later acquired by Gilead Sci-
ences) was founded in Durham by former Burroughs Wellcome
executive David Barry. And in Wilmington aaiPharma was formed by
former Burroughs Wellcome executive Frederick D. Sancilio, and PPD
was founded by former Glaxo executive Fred Eshelman. These five
companies collectively employ more than 3,000 North Carolinians in
high-paying jobs.
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required are highly specialized and vary not
only with the business focus, but also with the
stage of company development. In many cases,
biotechnology company founders and early stage
biotechnology company executives have strong
scientific backgrounds but lack the business expe-
rience and skills that enable them to grow with
their companies. Likewise, senior managers who
come from prosperous large companies often
have little experience managing smaller compa-
nies with limited resources.

North Carolina needs to develop a deeper talent
pool of entrepreneurial executives, managers, and
company founders with the skills and experience
to grow start-ups into successful companies. One
way to do this is to create mentoring opportuni-
ties for new entrepreneurs. The formation of a
Biotechnology Leadership Circle would provide a
pool of experienced biotechnology business lead-
ers who could mentor new entrepreneurs with
feedback, coaching and advice.

Such a networking program could also give men-
tored entrepreneurs and their companies better
access to technical information, capital and alli-
ance opportunities. Several studies have shown
that business collaboration and executive net-
working lead to quicker discoveries and product
commercialization.
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Increase sources of early stage investment capital.

16 | Replenish the Biotechnology | The State should provide immediate funding for the Biotechnology
Center’s Economic Center's Economic Development Investment Fund (EDIF), which provides
Development Investment seed loans and other investments in biotechnology start-up companies.
Fund. Due to State cutbacks in funding for the Biotechnology Center, the EDIF is

being rapidly depleted.

17 | Allocate a small percentage | The State should allow and encourage investment of small percentages
of existing State funds, such of the pension or escheat funds in bioscience companies. As little as 0.1
as escheat or pension, for percent of a $50 billion fund, or $50 million, could make an enormous
investment in biotechnology impact if invested in North Carolina’s life sciences business community.
start-up companies located Sulch investments shpu!d be made on be'half of the State by qgallfled
in North Carolina third-party intermediaries, such as experienced venture capitalists or the

’ North Carolina Biotechnology Center.

18 | Modify and create a Making the QBV tax credit permanent would stimulate biotechnology
permanent Qualified company investment in North Carolina. Increasing the credit cap to $12
Business Ventures (QBV) tax | million from $6 million should yield sufficient credit to motivate individual
credit. investors as the economy improves. Additionally, giving the QBV tax credit

to investors closest to the company would encourage them to invest more
funds in the development of a biotechnology start-up company.

19 | Market North Carolina to Venture capital companies throughout the nation and world have
national and international money to invest in promising companies, but they may not be aware
venture capitalists. of good investment opportunities in North Carolina. The Council

for Entrepreneurial Development, working with the North Carolina
Biosciences Organization and the Biotechnology Center, should develop
an effective marketing campaign to inform venture capital firms
worldwide about North Carolina’s investment opportunities.

20 | Help companies understand | The Biotechnology Center and the Small Business and Technology
and access federal Development Center should work together to inform companies about
resources. how to access federal funding and other resources to support their

research and how to establish scientific collaborations with federal
agencies such as NIH.

Provide targeted tax relief.

21 | Identify and implement State leaders should work with the North Carolina Biosciences
tax policies that support Qrganization to idenjtify and evaluate all State tax poli;ies that could be
biotechnology company implemented to facilitate industry development including, but not limited
creation and growth. to, new approaches to the R&D tax credit, potential sales tax exemptions,

and ways to encourage repeat investment in North Carolina by successful
entrepreneurs. Consideration should be given to what other states are
doing to create, attract and retain bioscience companies. This evaluation
should be completed quickly, and the State should move with all haste
to ensure that North Carolina’s tax policies are as fair and attractive as
possible to its growing life sciences industry.
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Develop successful entrepreneurs.

22 | Create a Biotech The Biotech Leadership Circle would enable experienced and successful
Leadership Circle to mentor | biotechnology and life sciences business leaders to mentor novice
entrepreneurs. executives. The mentors would provide feedback, coaching and advice,

and would help connect people, opportunities and resources. The
Biotech Leadership Circle should be a joint project of the Council for
Entrepreneurial Development, the Biotechnology Center and the North
Carolina Biosciences Organization. Once a model was established in the
Research Triangle area, it could be replicated in other regions of the state.
The Small Business and Technology Development Center network and
Biotechnology Center satellite offices could facilitate this process.

23 | Provide leadership training | The Council for Entrepreneurial Development, working with the North

for early stage company Carolina Biosciences Organization and the Biotechnology Center, as well

managers and founders. as business schools throughout North Carolina, should develop and offer
a series of seminars intended for executives of start-up companies.
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Recruit and Grow Companies

Attracting life sciences companies such as Glaxo,
Biogen Idec, Eisai, and Wyeth to North Carolina
and helping them grow has had a major posi-
tive impact on the state’s biotechnology indus-
try over the last two decades and should remain
an important part of the State’s strategy for
biotechnology job creation. In addition to creat-
ing thousands of new jobs, these companies have
been an important source of managerial talent
and intellectual property for new biotechnology
companies.

While investments in research and company cre-
ation are fundamental to long-term, sustainable
job growth in biotechnology, proactive recruit-
ment of small, entrepreneurial companies as

well as larger, more established firms is the most
immediate path to employment for many North
Carolinians. This is particularly true for bio-
manufacturing companies, which represent an
immediate opportunity for job creation. Bioman-
ufacturing companies can grow to employ hun-
dreds of technical workers, can be located at sites
beyond academic centers, and may be the best
biotechnology-related opportunity to re-employ
North Carolinians displaced from traditional
manufacturing jobs.

Leveraging North Carolina’s assets

North Carolina is a logical location for an emerg-
ing, research-based biotechnology company or
a mature pharmaceutical or chemical company
seeking additional manufacturing capacity. With

its impressive array of assets to attract life science businesses, both in manu-
facturing and R&D, the state is on most companies’ short list as they consider

where to grow their business.

Unfortunately, in recent years, North Carolina has not fully leveraged its advan-
tages. Once an envied leader in company attraction, North Carolina did not
win any of the top eight life sciences investments of 2002 and attracted only

North Carolina has strong assets
for attracting companies

* A large concentration of life sciences companies, with a
growing number located outside the technology-rich Triangle

e World-class public and private research universities, with
more than 4,000 faculty and technicians conducting life sciences
research throughout the state

e A community college system second to none, with out-
standing workforce training programs that are customized for
individual companies

e Supportive infrastructure, including the Biotechnology Center
and its subsidiary, the North Carolina Genomics and Bioinformat-
ics Consortium, MCNC, NCBIO, the Council for Entrepreneurial
Development, the North Carolina Electronics and Information
Technologies Association, the Small Business and Technology
Development Center, and the future Biomanufacturing and Phar-
maceutical Training Consortium

e The world’s highest concentration of contract research
organizations (CROs) and laboratory testing companies

* A business climate rated Number 1 in the nation by Site
Selection Magazine for the third year in a row and a low cost
of doing business in biotechnology compared to other leading
states

* Favorable quality of life and cost of living relative to other
biotechnology centers, especially San Francisco, San Diego, and
Boston, and a central location in the mid-Atlantic with close
proximity to beaches and mountains

e An internationally respected model for biotechnology economic
development that is built upon cohesive industry-academic-
government relationships

one of the 20 largest new or expanded R&D facility investments in the industry.
Competition for this business is stiff. Biotechnology has become the mantra for
many states and regions looking to improve their sagging economies.

Some of these competitors tout financial incentives and little else, hoping to “buy”
companies desperate for funding, yet offering little supportive infrastructure. But
other competitors are better informed about the needs of research-driven compa-
nies and use North Carolina’s formula for success. They suspend regional rivalries
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to entice companies with unified and well-coordinated marketing efforts. They
close the deal with meaningful financial incentives and access to a sophisticated
entrepreneurial community, prominent research universities, and venture capital.
States such as Texas, Georgia and Maryland have become legitimate alternatives for

Diosynth: A success story
From zero to 650 in six years

Two businessmen from Texas approached the North Carolina
Biotechnology Center one day in 1994 with a brilliant idea.

They wanted to build a biomanufacturing plant to produce geneti-
cally engineered drugs on a contract basis for biotechnology and
biopharmaceutical companies. It would spare those companies the
time, risk and expense of building their own plants.

The timing was right because the product pipeline was filled with
biotech drugs moving through clinical trials toward FDA approval.
Those drugs would need to be manufactured somewhere by some-
one.

The Biotechnology Center got busy to make sure the two Texans
built their $57 million plant in North Carolina and not in one of the
many other states they were considering.

The Center arranged a $3 million loan guarantee for the new
company so it could buy land in Research Triangle Park. It worked
with the state’s banks to arrange a line of credit for construction. It
helped the new company develop its business plan and introduced
it to its eventual partner, Corning Life Sciences. And it referred the
company to all the service provider companies, universities and gov-
ernment agencies in the state that would help it succeed.

Rick Hawkins, one of the company’s two founders, said at the time
that North Carolina had “created the finest environment for the
nurturing and development of biotechnology companies in the
world today. There's no question about it.”

Echoed his co-founder, Dr. Chip Scarlett: “We spent months look-
ing all over America for the right place to put this company. We met
many people and were offered many inducements, but nowhere did
we meet the same combination of wisdom, savvy and know-how
that we found here in North Carolina.”

The company, originally known as Corning BioPro and later as
Covance Biotechnology Services, built a 109,000-square-foot plant
that opened in 1997 with about 100 employees. The business be-
came so successful and expanded so quickly that it was bought by

the Dutch conglomerate Akzo Nobel in 2001 for about $190 million.

Today, the company, called Diosynth RTP, has more than 650
employees at multiple sites in the Research Triangle area and con-
tinues to expand and add jobs to keep pace with the burgeoning
biotechnology industry. Company executives said in October 2003
that Diosynth would invest $100 million or more in plant expansions
in the Triangle area within the next few years.

companies seeking new locations.

And, the competition extends far beyond state bor-
ders, particularly for new biomanufacturing plants.
Among North Carolina’s fiercest competitors for
biomanufacturing and pharmaceutical manufac-
turing jobs are Ireland and Singapore. Both coun-
tries are home to a long and growing list of major
pharmaceutical and biotechnology companies.

North Carolina is at the forefront of states and
nations best poised to reap the economic ben-
efits of biotechnology. To remain there, the State
must pursue strategies that give it a competitive
advantage in attracting and growing life sciences
companies. It must also pay close attention to the
needs of companies already doing business in the
state to ensure they are successful and can con-
tinue to expand in North Carolina.

Pursuing opportunities

A company’s announcement that it will build a
new facility in a particular location typically repre-
sents the culmination of a lengthy and highly con-
fidential process. Site-selection decisions are not
made overnight, but once they are made there is
usually little opportunity to change them. The best
time to influence these projects is far in advance of
their initiation, and the best way to influence them
is through aggressive, targeted relationship devel-
opment and marketing strategies.

For the largest projects, companies often engage
site-selection consultants who compare the com-
panies’ requirements with available locations and
narrow down the choices to a manageable number
for more in-depth consideration. Fortunately,
North Carolina is widely recognized among com-
panies and site-selection consultants as a favorable
location for life sciences industry investment, and is
usually in the running for new site locations.

To ensure North Carolina is favorably considered
for every significant project, however, a proactive
approach is needed. The State must identify com-
panies likely to require additional capacity and
then introduce them early to North Carolina’s

assets. Such an approach will require leadership, expert staffing and marketing
resources, and meaningful financial incentives.
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Empowering the Department of Commerce

North Carolina is fortunate to have a well-developed and comprehensive net-
work of economic development professionals whose work is critical to the
State’s effectiveness in attracting biotechnology business. Local economic
developers, public and private, are often an important source of information
about what is available in their community to support a particular recruit-
ment. They can call on local relationships and resources to facilitate recruit-
ment activities.

However, in order to move quickly, efficiently and with one voice for the entire
state, it is essential to empower a single organization with leadership for iden-
tifying company recruitment prospects and marketing the state’s assets to
them. As the State’s lead agency in economic development, the North Carolina
Department of Commerce is best suited to this task. The Commerce Depart-
ment in turn should work closely with the Biotechnology Center, regional
economic development partnerships, and local economic developers to fully
leverage all available expertise and resources for each biotechnology opportu-
nity and determine which areas of the state best match the candidate compa-
ny’s needs.

Establishing itself as a leader in the attraction of life sciences companies will
require several new staff for the Commerce Department. The best way to
seek new business is to hire experts in biotechnology and biomanufacturing
and locate them not only in Raleigh but also in small offices in other states
and countries that have large concentrations of likely prospects. Countries in
Europe and Asia routinely employ this recruitment strategy. North Carolina
could be one of the few states to apply it domestically and send a powerful
message about its commitment to being a leading site for biomanufacturing.
North Carolina has a superb opportunity to capitalize on its recent $64.5 mil-
lion commitment to the statewide workforce training network as a major draw
to the state for both pilot- and large-scale biomanufacturing companies.

Adding biotechnology staff to existing Commerce Department offices in
Europe and Asia would also encourage new opportunities for international
collaboration in biotechnology that extend far beyond the attraction of foreign
companies to North Carolina. Over time, as the industry continues to grow
and consolidate, it is likely that successful companies will need distribution as
well as manufacturing and R&D capabilities in Asia, Europe and North Amer-
ica. The potential value of a collaboration forged between representatives on
the three continents could be great. North Carolina has a history of successful
international partnership in biotechnology and is a highly sought after partner
for two-way collaborations with both European and Asian countries. Advanc-
ing the concept to a tri-lateral collaboration would be highly innovative and
potentially yield productive research and business-development opportunities
for North Carolina’s biotechnology community.

Marketing North Carolina

In addition to staff experts, the Department of Commerce will require sub-
stantial funds to develop and market a brand for North Carolina’s life sci-
ences “product.” It may wish to build on the “North Carolina: State of Minds”
campaign or embark on something more specific to biotechnology and life
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sciences. In either case, North Carolina has a great story to tell, and it needs

to do so broadly and confidently. This is a critical time in biotechnology eco-
nomic development worldwide. To effectively secure a leadership role in
biotechnology recruitment, North Carolina needs to have an effective pres-
ence at every major worldwide industry event and in industry-related meetings
where high-level decision-makers are present.

The development of cost-effective, targeted marketing campaigns to attract
biotechnology, biomanufacturing and other life sciences companies to North
Carolina will require a comprehensive inventory of all the state’s relevant
assets available to all who are engaged in economic development. Assets in
competing regions should be tracked as well. For every region of the state, the
inventory should include, for example: industrial sites and buildings for bio-
manufacturing; research capabilities of public and private universities and
federal laboratories; workforce training initiatives; region-specific advantages;
potential strategic partners; favorable governmental policies; and access to risk
capital and other financial assets.

Closing the deal: creating competitive financial
incentives

In addition to expert staff, satellite offices around the world, and a targeted
marketing strategy to sell North Carolina, the Department of Commerce
needs access to competitive financial incentives to close deals.

Financial incentives are crucial to level the playing field in the global compe-
tition for biotechnology and biomanufacturing business. The Department of
Commerce needs sufficient funds and flexibility to structure deals that are

in the best interest of the state. While the specific nature of the incentives
and the criteria for their use can be debated, there should be strong consen-
sus for having competitive financing mechanisms for recruitments that bring
new jobs in biotechnology and biomanufacturing. Eventually, states may de-
emphasize such mechanisms as a way to attract companies; but for now, such
mechanisms are widely used and are expected. North Carolina must either
match what competitors are offering or develop more innovative ways to
recruit companies.

One creative mechanism proposed for attracting pilot-scale biomanufacturing
companies to North Carolina is the establishment of a State-backed revenue
bond authority that would provide access to debt financing for emerging com-
panies wanting to build biomanufacturing plants in North Carolina. Such a
revenue bond authority would also support company retention in North Caro-
lina because several young biotechnology companies in the state are moving
into the manufacturing phase of their development.

Addressing the needs of bioscience businesses
already in North Carolina

An extremely important but often overlooked opportunity for new job cre-
ation is in growing the companies that are already located in North Caro-
lina. Fortunately, some of the largest life sciences companies in the state have
recently announced plans for expansion. Others, however, particularly the
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emerging biotechnology companies, are struggling to implement their busi-
ness models in an economic environment that has made it difficult to raise
sufficient capital to support their research and development programs.

Challenges abound for most all life sciences companies, irrespective of size or
scope. Helping those companies succeed and grow should be a high priority.

Recruit and Grow Companies: Recommended Strategies

Empower the Department of Commerce.

24 | Provide adequate staff The Commerce Department should hire several new biotechnology
to the North Carolina developers, with at least two based in North Carolina and the others
Department of Commerce located in states and countries with large concentrations of potential
to enable it to pursue recruitment targets. For example, small satellite offices should be
aggressive recruitment established in California and I\/Iassachusef[ts (or New Jersey), cqllectlvely
activities home to well over half of the country’s biotechnology companies, and

’ other analysts should be located in Department offices in Asia and
Europe. These biotechnology analysts will better enable the Department
to proactively identify recruitment prospects that represent a strategic
fit for North Carolina, including new construction, relocations and
expansions. Additional staff will also make it possible for recruitment
opportunities among emerging R&D companies to be identified, triaged
and pursued. These smaller firms are typically easier to relocate than
larger companies, and in North Carolina’s supportive atmosphere they can
grow and create jobs.

25 | Evaluate opportunities North Carolina is internationally regarded for its early visionary leadership
to forge international in pursuing biqtechnology as an economic qlevelopment strategy and
partnerships strategically the programs it has put in place to make this strategy a reality. The state
valuable to North Carolina’s | has a history of effective international partnerships in biotechnology,
recruitment efforts and including most notably its five-year relationship with the German state of
the state’s biotechnology North Rhine-Westphalia. European states and nations, as well as several

. in Asia, are eager to forge partnerships with North Carolina. Given the

community. growing need of life sciences companies for capabilities and relationships
in Asia and Europe, careful thought and attention should be given to
opportunities to build collaborations that extend beyond two regions and
perhaps encompass representatives of all three parts of the world. While
complicated to negotiate and maintain, such collaborations could yield
great business opportunities and further establish North Carolina as an
international thought leader in biotechnology economic development.

26 | Establish a Hot North Carolina must act aggressively and swiftly at the earliest stage
Opportunities Team to of recruitment opportunities. A joint “Hot Opportunities Team” from
coordinate the State’s the Commerce Department and the Biotechnology Center needs to
recruitment of “hot” analyze each prospect’s scientific and business needs and coordinate
company prospects and presentations of the particular mix of North Carolina resources that
retention of companies will best entice the prospect. Appropriate representatives from North

, . Carolina’s biotechnology community should be brought into the campaign
at ”SIf of leaving North early. Examples include academic researchers in relevant specialties,
Carolina. potential partners, venture capitalists, architects, engineers and regional

economic developers. Companies that have prospered in North Carolina
can present their success stories. The Hot Opportunities Team must also
be able to call on the Governor, Council of State, General Assembly, the
North Carolina Community College System, and the UNC System. The
goal is to make responding to significant recruitment opportunities one of
the State’s highest priorities.
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Recruit and Grow Companies: Recommended Strategies

Market North Carolina.

27

Provide adequate

funding to the Commerce
Department to support
the creation and execution
of targeted marketing
strategies that effectively
sell North Carolina’s life
sciences assets.

Close the deal: create competitive

financial incentives.

To many outsiders — as well as many insiders — North Carolina’s
biotechnology identity begins and ends with its flagship research
universities, Research Triangle Park and large companies such as
GlaxoSmithKline. There is less awareness of the community colleges and
regional universities, the state’s prominent agricultural biotechnology
presence, the world’s largest concentration of contract research
organizations operating in the state, or recent innovative efforts to
develop a biomanufacturing workforce. Developing a strong brand for
all of North Carolina’s life sciences assets and marketing that brand
effectively at venues worldwide are essential to attracting companies to
the state.

32

28 | Create a special incentive This fund should be reserved for deal-closing incentives to life sciences
fund for major life sciences | companies making investments in North Carolina of at least $150 million.
company recruitments.

29 | Fully fund the One North This fund should be established at a level of at least $15 million per
Carolina Fund. year to support its mission of job creation across rural and urban North

Carolina counties.

30 | Lift restrictions (or provide | The current cap on these grants is set at $10 million per year for a
exceptions to limits) on total of 15 companies. However, since these grants can only be used in
North Carolina’s Job cases where the economic benefits to the State exceed the costs of the
Development Investment programs, a strict limitation is counterproductive to the program’s goals.
Grants The grants pay back to companies a portion of the State tax they pay on

: employee withholding taxes. The money paid back is new money that
new or expanding companies will have earned; therefore, there is no up-
front cost to the State.

31 | Support financing for Permitting the state to underwrite, or issue letters of credit for, a

companies building
biomanufacturing plants
in North Carolina through
credit-enhancing vehicles.

usinesses already in North Carolina.

Address the needs of bioscience b

Survey the status and
needs of biotechnology,
biomanufacturing and other
life sciences companies
located throughout the
state.

percentage of long-term loans for facility construction and equipment
purchases by new and expanding companies would help mitigate some
risk entailed in bank loans in the pre-manufacturing period of company
development and ease access to capital. Providing access to debt
financing to help fund the development of pilot-scale manufacturing
plants is one of the most innovative and potentially effective ways that
North Carolina can recruit emerging biomanufacturers to the state.
Equally important, this approach would help retain jobs in North Carolina
because several emerging biotechnology companies in the state are
moving into the manufacturing phase of their development.

Net job growth will only result if the State’s recruitment efforts are
balanced with a well-coordinated plan to keep North Carolina companies
and jobs in the state. North Carolina currently has no consistent strategy
for handling in-state companies that are being recruited to other locations
or that are thinking of leaving for other reasons. Without a coordinated,
proactive approach, retention efforts are unlikely to be effective. Working
with local economic development agencies, the Commerce Department
should survey biotechnology and biomanufacturing companies to identify
those at risk of leaving the state so their issues and concerns can be
addressed.
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Train the Workforce

A well-qualified labor pool is essential for North Carolina to grow its life sci-
ences industry. The state must address several challenges if it is to prepare a
workforce to support both R&D and manufacturing:

+ The wide spectrum of jobs. The workforce in biotechnology-related com-
panies includes people with community college certificates and those with
Ph.D.s, in specialties ranging from industrial process control to genomics.

+ The need for more mid-skilled workers — those who have particular techni-
cal skills in addition to a basic foundation in science.

+ 'The need for new and experienced employees to continue their education at
all levels.

+ The broad distribution of companies across the state.

+ The sporadic nature of job growth. New jobs are created unevenly at differ-
ent locations.

“If you don’t have the
trained work force,
you aren’t going to get
industry to move in.”

— HAL PRICE, FORMER GENERAL
MANAGER, BIOGEN IDEC,
RESEARCH TRIANGLE PARK

The R&D workforce The Biomanufacturing Workforce

The research and development workforce grows
largely from the state’s universities. Most employ-
ees in this area have BS or post-graduate degrees,
and there are jobs for laboratory technicians with
AAS degrees as well. Biotechnology is an interdisci-
plinary industry encompassing most of the biologi-
cal sciences, as well as chemistry, computer science,
mathematics, pharmacology, chemical engineering
and other fields.

Certificate

University graduates not only work for established
companies, but are also a vital part of the entrepre-  High school
neurial process. The acquisition of entrepreneurial
skills needs to be part of their education. Research-
ers need also to understand production processes

Associate of Arts & Sciences

Bachelor of Science

NBS Engineering

%
PhD

(] .
Master of Science

and the federal regulations governing pharmaceuti-  Cyrrent educational profile

cal manufacturing in order to move new products
out of the laboratory and into manufacturing.

Biomanufacturing: a new growth industry and a
strategic focus

Biotechnology is not only a set of tools for research; it is also employed in
manufacturing. The newest biomanufacturing technology is the growth of
animal cells to produce proteins that have therapeutic value. These new kinds
of drugs are called biopharmaceuticals. Many biopharmaceutical drugs are
currently in the development pipeline, awaiting FDA approval, and the manu-
facturing of these new drugs will create many new jobs.
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The growth of biotechnology from research to large-scale manufacturing has

important implications for the jobs created. First, the total number of employ-
ees increases as a company moves from research and development to commer-
cial-scale manufacturing. Second, while research requires more Ph.D.-trained

State embarks on bold initiative
in workforce training

A $64.5 million investment by the Golden LEAF and key biomanu-
facturing companies will provide an integrated system of workforce
training for North Carolina’s biomanufacturing and pharmaceuti-
cal industries. This innovative and sweeping initiative will establish
North Carolina as a worldwide leader in workforce development for
biotechnology.

The centerpiece
will be a pilot-scale
biomanufacturing
plant for hands-on
training at North
Carolina State Uni-
versity’s Centennial
Campus. The facil-
ity will be shared
by the UNC System
and the Community
College System.

BioWork students at Vance-Granville
Community College

Other elements will
include a BioNetwork of specialized centers on selected community
college campuses across the state and specialized undergraduate
and graduate programs at a dedicated facility at North Carolina
Central University.

Announced in August 2003, the initiative is being coordinated by
the Biomanufacturing and Pharmaceutical Training Consortium, a
partnership of the UNC System and the Community College System.
Industry leaders are playing a major contributing role.

The pilot plant at NCSU will provide realistic workplace training for
students at all levels as well as employees already working in the
industry. To emulate the FDA-regulated environment in the pharma-
ceutical industry, hands-on training will be combined with work that
teaches students Good Manufacturing Practices. This is essential
because companies in this highly regulated industry can provide
only a few internships for students.

Degree and non-degree education programs developed by the par-
ticipating institutions will support curriculum development at other
universities and community colleges around the state.

education.
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employees, manufacturing employs more work-
ers with community college degrees or certifi-
cates; or high school graduates with appropriate
manufacturing or military experience and some
additional education. Third, as the methods of
biotechnology are applied in other industries, the
number of workers needing these skills increases.

Many biomanufacturing skills are
transferable to other industries.

The biopharmaceutical area of the biomanufac-
turing industry is poised for significant growth
over the next several years and is therefore a main
focus of recommendations in this strategic plan.
Biomanufacturing is also the focus of an historic
investment by the Golden LEAF to support work-
force training for this industry. Skills needed for
biomanufacturing are transferable to other indus-
tries. People with education and experience in
this field can find employment opportunities in
the pharmaceutical industry as a whole, as well as
chemical manufacturing, food processing, and the
manufacture of cosmetics and natural products.

There is an especially close link between the bio-
manufacturing industry, the majority of which
makes biopharmaceutical products, and the rest
of the pharmaceutical industry, which makes
drugs of other kinds and diagnostic products.
This is why the Golden LEAF-funded training
consortium is intended to support both bioman-
ufacturing and pharmaceutical manufacturing.

The critical role of community colleges

As shown in the pie chart on the previous page,
67 percent of the employees in biomanufactur-
ing and pharmaceutical manufacturing have

less than a baccalaureate degree — and thus are
appropriately trained in the community colleges.
The Community College System is the backbone
of workforce training for the state, is asked to

provide an increasing share of baccalaureate education through college-trans-
fer programs, and is a key resource for rural economic development. Yet the
System receives only 8 cents of every dollar that North Carolina spends on

Therefore, one of the strategic imperatives recommended in this plan is
to provide resources to the Community College System to implement
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biotechnology-related programs, and to ensure that every college can lay the
foundation for biotechnology or other high-tech economic development by
having well-equipped science teaching facilities. The investment requested
here is intended to complement the Golden LEAF investment by providing

more local options for hands-on training across
the state, and improving basic infrastructure
across the system to support relevant science and
technology education. The capacity of the system
should be extended to fulfill the needs of this
industry in all areas of the state.

The biomanufacturing workplace

Training is critical. A single batch of a new bio-
pharmaceutical product can be worth millions
of dollars. One wrong move by a technician or a
failure to document one detail of production can
make the batch unfit for sale.

All pharmaceutical manufacturing, includ-

ing biopharmaceutical manufacturing, is tightly
regulated. Good Manufacturing Practice (GMP)
guidelines govern every aspect of the process

to the smallest detail. It takes time for new
employees to acquire the mind-set and behaviors
required for compliance. Learning GMP systems
and habits accounts for half of on-the-job train-
ing time, which averages nine months.

Because of this, biomanufacturing employers
hire people with prior experience in the pharma-
ceutical industry whenever possible. This often
means hiring each other’s employees. This is still
a fundamental recruitment practice even though
companies acknowledge that it limits their abil-
ity to grow. In 2002 pharmaceutical companies
filled less than 15 percent of entry-level job open-
ings with new college graduates. This is the major
challenge in developing programs to prepare
graduates for pharmaceutical or biomanufactur-
ing careers. Training time affects the bottom line
for companies. An effective workforce-develop-
ment system ultimately reduces on-the-job train-
ing time by producing more competitive job
applicants and providing training for new hires.

Why new graduates often aren’t
competitive job applicants

The Biotechnology Center has conducted exten-
sive surveys of employment needs in the bio-

Life beyond textiles:
retraining for a biotech job

Judy Watkins knew that retraining herself for a science career would
be difficult, but at times it was downright daunting.

She found herself in a biotechnology classroom at Alamance Com-
munity College with students at least 10 years her junior. Watkins
also had to revisit her high school chemistry and algebra classes to
guide her through the advanced courses.

But she kept her eye on the prize: a new career working with micro-
scopes.

While taking her classes, Watkins knew this
was a second chance to work with science.
She’d had to shelve those plans years ago to
raise six children and work the third shift at
the Collins and Aikman Corp. textile plant in
Granville County.

“I don't know how to explain it, but | want-
ed to work with a microscope,” she said.

Watkins’ opportunity came when plant of-
ficials announced they would lay off about
400 people in 1987. Through an agreement
with the State and her former employer, Watkins enrolled in the
two-year biotechnology program at Alamance Community College
while she received unemployment checks.

JUDY WATKINS

Watkins, then 46, studied topics foreign to her including the metric
system and physics. She performed experiments such as removing
caffeine from coffee. But she faced yet another challenge: adapting
to a challenging new field filled with younger people.

“We have to build up confidence before we can begin training,”
explained William H. Woodruff, head of Alamance’s biotechnology
department. “And as she became more confident, she built on that
success.”

Watkins made the dean’s list every quarter and even earned the
award for most improved student. In 1989 she landed an internship
in a media preparation lab with Syngenta Biotechnology in Research
Triangle Park. A year later she became a full-time employee, and

in 1998 she became manager of the department that prepares
reagents and sterilizes equipment used by the company’s scientists.

Watkins, now 60, remembers one day looking around the labora-
tory she calls home and thinking to herself, “I feel like | have died
and gone to heaven.”

manufacturing and pharmaceutical manufacturing industries. (The latest one,
Window on the Workplace 2003, is available on the Biotechnology Center’s
Web site, www.ncbiotech.org) In these studies, employers consistently find sig-
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nificant deficiencies in college graduates that limit the graduates’ employabil-
ity. Graduates are often:

+ Unaware of how the pharmaceutical industry works, so they do not under-
stand how what they do on the job can affect other aspects of the manufac-
turing process

+ Unaware of the work habits required in a regulated environment

+ Lacking in interpersonal/team skills and project-management abilities, as
well as oral and written communication skills

+ Lacking in practical laboratory experience, problem-solving skills and abil-
ity to design experiments.

While many educational programs provide at least part of the required back-
ground for new employees in pharmaceutical or biopharmaceutical manu-
facturing, few, if any, provide the complete package. There is a strong need to
establish comprehensive and targeted training programs.

Designing effective workforce education and
training programs

The need for prior industry experience in new hires makes it clear that student
internships are ideal preparation. However, opportunities for student experi-
ence in the pharmaceutical industry are limited, in part because FDA regula-
tions make it difficult for companies to implement them. More workplace or
simulated experiences should be made available to students by:

+ Finding incentives for companies to offer more internships or developing
alternative experiences such as job shadowing

+ Making it a priority for the Biomanufacturing and Pharmaceutical Train-
ing Consortium pilot plant at North Carolina State University to create as
many internships as possible

+ Making the classroom more like the workplace by incorporating industry
orientation, GMP training, and career skills practice into science and tech-
nology curricula.

Making learning conveniently accessible

To maximize employment opportunities for all North Carolina citizens
and make the state’s companies more profitable, relevant education must be
available to anyone, anywhere in the state, at any time. To do this, several
approaches are possible:

+ Expanding distance-learning resources

+ Offering more courses in evenings and on weekends and making use of
community-based satellite locations

+ Modularizing curricula so people can acquire particular skills in a short
time as needed, but also count that learning toward a degree or certificate

+ Deploying mobile laboratories to reach outlying community colleges and
companies.
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Train the Workforce: Recommended Strategies

implementation of
articulation agreements
between community
colleges and universities.

33 | Fund selected continuing Continuing education courses can be quick and flexible to implement,
education programs at the | and are the foundation of much training for industry. An example is the
community colleges at the | BioWork course. However, colleges get a reduced level of funding for
same level as curriculum these courses as compared to degree program courses. The funding level

is not adequate to support even basic hands-on science courses that
programs. . . . .

are needed to support the life science industries — so open-enrollment

BioWork courses run at a loss.

34 | Provide an Innovation Most funding streams are FTE-driven, and it is difficult for colleges to
Fund for the Community renovate and equip laboratories or hire faculty for program development
College System to support in advancedof aﬁtual ek?rollmhentl. The plropfj)sed fund should k|>e useq

; AP to start and enhance biotechnology related programs, complementing
biotechnology initiatives. the Golden LEAF funding for the Biomanufacturing and Pharmaceutical
Training Consortium, and providing support for faculty to work with
industry in developing new programs.

35 | Upgrade community college | Relatively few colleges have teaching laboratories suitable for
science and engineering biotechnology-related science. Teaching basic science is the first need
technology laboratories. in preparing the workforce for this industry anywhere in the state. Each

college should have at minimum two well-equipped science laboratories
and one well-equipped engineering technology laboratory for use in
college transfer or curriculum programs, or customized industrial training.

36 | Provide continuation The value of the initial investment by the Golden LEAF to build a training
funding for the system without parallel in the nation would be substantially diminished
Biomanufacturing and if the UNC System and the Community College System do not have
Pharmaceutical Training operating funds to maintain the facilities and programs.

Consortium.

37 | Provide professional Most faculty have little or no acquaintance with industry, a key reason
development opportunities |why graduates are often ill prepared for employment. Instructors at all
for faculty. levels should have up-to-date knowledge of industry’s regulatory and

operational environment as well as the relevant applied science and
technology.

38 | Develop and implement For jobs that require college-level education, degrees are a necessary but
industry-approved not entirely sufficient qualification for employment in biomanufacturing.
certifications. Certifications for different kinds of positions in industry could sharpen

educational programs. Taking the lead to create such certifications would
build global recognition for North Carolina’s innovation in workforce
development.

39 | Provide support for Competitive grants administered through the Biotechnology Center can
innovative program provide funding for curriculum development and equipping teaching
development. laboratories at any college or university. Strategic investments are needed

to support growth of the best programs that would most clearly support
workforce development.

40 | Expedite the Students and incumbent employees need to be able to accumulate

professional credentials over time and make seamless transitions from
one institution to another in a universally accessible educational system.
Although a comprehensive articulation agreement between the UNC
System and the Community College System covering general education
and pre-major programs is in place, implementation is incomplete.
Moreover, there is no universal articulation agreement covering Associate
of Applied Science degrees.
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Train the Workforce: Recommended Strategies

41 | Provide basic curriculum
resources about the
industry.

With advice and leadership from industry, the Biotechnology Center
should coordinate the development of modules that provide educators at
all levels with basic information on the range of careers in biotechnology
as well as an orientation to biomanufacturing and GMP.

42 | Establish a Biotechnology
Workforce Advisory Council.

Input from the industry is essential. While many institutions and
departments have their own advisory groups, there should be a high-
level Biotechnology Workforce Advisory Council composed of key
industry and education leaders and staffed by the Biotechnology Center.
This council would advise on workforce recruitment and training needs,
mobilize industry support and input, and act as a focus of communication
among education programs statewide. Over the next two years, the
Biotechnology Center should work with educational institutions and
industry to establish the recommended statewide Advisory Council.
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Strengthen K-12 Math and Science

The quality of K-12 schools is directly related to economic development in an
industry such as biotechnology, for two reasons:

+ Quality of public education is a key factor in recruiting new businesses,
especially those that employ highly educated professionals.

+ Schools influence students’ career choices and their attitudes toward learn-
ing and entrepreneurship. It is during the K-12 years that students acquire
basic skills and either acquire or lose interest in science and science-based
careers.

Where North Carolina is and where it needs to be

Two decades of leadership, investments in schools and innovative reforms have
greatly improved North Carolina’s national standing in education, according
to many performance indicators. The state has come a long way since the early
1980s, when it ranked near the bottom of nearly every educational indicator.
But in a highly competitive environment, North Carolina’s advantage relative
to other states is a moving target, and constant investment is needed to retain
the edge.

The National Assessment of Educational Progress (NAEP) tests show that
among the 50 states, North Carolina eighth graders rank only 23" in science.
Even on tests where North Carolina ranks in the top half of the country, only
about one in three students achieves scores at the proficient level. Achieve-
ment by minority students on math and science tests lags significantly.

Over the next 10 years, the State should aim to increase by 25 percent the
number of students scoring at the proficient level on the NAEP tests. This will
put North Carolina among states performing significantly higher than the
national average. North Carolina also needs to increase the number of high
school graduates entering community college or university programs that will
prepare them for careers in life-science industries.

Critical factors in the educational environment

Any innovation and improvement in schools in North Carolina and across the
nation must take place amid three major factors in the educational environ-
ment:

+ The shortage of qualified teachers, especially in math and science, is criti-
cal. Over half the students in North Carolina middle schools have teachers
without a college major or minor in the subjects they teach. Teacher reten-
tion is equally important. In the last five years, an average of nearly 13 per-
cent of North Carolina’s teachers (more than 11,500 teachers) have left their
positions each year.

+ There is unequal distribution of resources to support schools in wealthier
versus poorer districts.
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“North Carolina public
schools have made
significant strides in
academic achievement
over the past decade.
To participate
competitively in the
global economy, our
young people need

a strong focus in

all academic areas,
and especially in
mathematics and
science. These two
subjects are at the
heart of many of the
high-growth industries
that now call North
Carolina home.
Biotechnology is one
of those industries that
hold great promise,
economically and
socially. Our students
need to be prepared
to participate in this
exciting endeavor.”

— STATE SUPERINTENDENT
MIKE WARD
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+ The federal No Child Left Behind legislation will make great demands on
school performance and may make teacher shortages more acute. However,
this legislation presents an opportunity to improve science education at the
elementary and middle school levels and close achievement gaps for minor-

NC-ISE gets K-8 students ‘doing science’

For Scott Maxey, an Alderman Elementary School student in New
Hanover County, understanding “plant growth and development”
became much more interesting when he started doing the cross
pollinating himself with a little help from one of nature’s most
prolific pollinators.

"My favorite thing was when we pollinated flower blooms with
bees,” he said.

Educators statewide hope to hear that enthusiasm from all students
who benefit from the North Carolina Infrastructure for Science Edu-
cation (NC-ISE) program. Launched in 1998, the program is based
on research by the National Science Resources Center that identi-
fied seven school systems nationally that had exemplary science
programs for five or more years. These schools shared five common
elements for success:

e alignment with standards-based curricula

e continuing professional development for teachers to support
science content and building confidence in guiding student inves-
tigations

* materials support for student experiments through the use of
inquiry-based kits deemed effective at teaching science

e support from community, school and district-level administration

¢ student assessment that is based on learning objectives in the
curriculum and how students are taught

Research has shown that student writing improves significantly with
continued experience with inquiry-based science. Other studies indi-
cate that the achievement gap between minority and non-minority
students closes with continued exposure to an inquiry approach.
Presently, about two-thirds of North Carolina’s school districts par-
ticipate in NC-ISE.

Bob Maxey, former math and science teacher who initiated the
program in New Hanover County, believes “students must hold sci-
ence in their hands before they can hold it in their minds.” If so, the
NC-ISE program can play a critical role in providing the necessary
support structure to bring hands-on, inquiry-based science learning
to students across the state.
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ity students.

To achieve significant improvement in math and
science education in general, as well as to prepare
students for biotechnology careers, will require
communities and school systems that recognize
the importance of science and math education,
teachers who are well-prepared and supported,
and career education that is better integrated in
the curriculum.

Taking advantage of key
opportunities

North Carolina has two immediate opportunities
that can provide key advantages in strengthening
biotechnology-related education.

The North Carolina Infrastructure for
Science Education Program

Established in 1999, the North Carolina Infra-
structure for Science Education Program (NC-
ISE) is a partnership among the Department of
Public Instruction, industry groups, and branches
of the UNC System. In a cost-effective way, this
program educates teachers and school adminis-
trators who form partnerships within their com-
munities to support science education. Teachers
receive supplies to implement nationally recog-
nized curricula. These measures have led to sig-
nificant improvements in student learning in
other states, and reduced achievement gaps for
minority students.

The Gates Foundation grant to create
innovative schools

The Bill and Melinda Gates Foundation grant to
North Carolina, announced in August 2003, pro-
vides $11 million in seed funding to start new
schools or reorganize existing schools in new ways

to enhance student achievement. Different types of schools will be created, each
with a unique design and/or career specialization. The Gates Foundation grant
provides a great opportunity to establish schools specializing in biotechnology
that could serve as regional models and resource centers for teachers. Such
schools should lead to higher graduation rates, particularly for at-risk students;
and a higher percentage of students who either pursue higher education or who
enter the workforce directly in the school’s field of specialization or related areas.
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Teacher preparation

Investing in professional development for science teachers is one of the most
strategic investments North Carolina can make to support biotechnology edu-
cation. While there are many areas in which teacher training is needed, two
priority needs are outlined below.

Inquiry-based science teaching methods

Traditional lecture methods don’t work well for teaching science. Inquiry-
based instruction, in which students learn through their own experimenta-
tion, increases student performance in science as well as math and writing.
Teaching methods such as this should be the norm rather than the excep-
tion as they have been in many schools. However, education majors rarely see
inquiry-based approaches modeled in the science classes they attend, or even
during their student teaching. Requiring proficiency in good science-teaching
methods as part of State accreditation should bring about positive changes in
how new teachers are prepared.

Enhancing professional development experiences

North Carolina is fortunate to have several organizations that provide teacher-
training workshops in biotechnology. The Biotechnology Center, in partner-
ship with the state’s universities, has sponsored workshops for more than 1,100
teachers in 98 counties since the late 1980s. Other organizations that provide
professional development include:

+ The Program for Minority Advancement in the Biomedical Sciences, which
sponsors the now famous Destiny Bus — a unique and valuable science edu-
cation resource for the state.

« The North Carolina Association for Biomedical Research, which reaches
hundreds of teachers a year through workshops that highlight cutting-edge
biomedical research.

+ Science House at North Carolina State University, which has for years
supported teachers as well as students in a variety of hands-on activities,
including applications of biotechnology.

+ Duke University, which offers two-week courses in molecular biology topics
for teachers.

+ The Kenan Fellows Program supports teachers in curriculum development
projects and provides leadership training.

« The North Carolina School of Science and Mathematics has excellent out-
reach programs for teachers in rural schools.

These resources are excellent, but experience has shown that many teachers
need much more follow-up support before they gain the confidence to imple-
ment new and complex hands-on laboratory activities in their classrooms.
Local or regional teacher-support networks should be established to provide
on-going support.
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“Students must hold
science in their hands
before they can hold it
in their minds.”

— BOB MAXEY, FORMER NORTH

CAROLINA MATH AND SCIENCE
TEACHER
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Career and Technical Education

About two-thirds of the workforce in biomanufacturing and pharmaceutical
manufacturing has a high school diploma with appropriate manufacturing or

Workshops train 1,100 teachers
in 98 counties

For the last 16 years, the North Carolina Biotechnology Center has
sponsored summer workshops for teachers who want to give their
students hands-on biotechnology lessons. The program has reached
more than 1,100 teachers from middle schools, high schools and
community colleges in 98 counties.

“Biology comes alive for students when they participate in research
methods used in labs around the world,” said workshop gradu-
ate Zoe Welsh, a biology teacher at Leesville Road High School in
Raleigh. “Even loading a gel with a micropipette shows students
that biology is much more than microscopes and prepared slides
— biology is a pursuit, not a destination.”

The workshops, held at colleges and universities around the state,
let teachers learn from college faculty and other experienced “mas-
ter teachers” how to provide hands-on instruction in biotechnology.
Teachers receive free room and board, a daily stipend, continu-
ing-education credits and a copy of a textbook developed by the
Biotechnology Center.

The Biotechnology Center helps workshop graduates apply their
new knowledge in the classroom by providing or loaning laboratory
supplies and equipment.

“The borrowing of equipment and procuring of supplies from

the Biotechnology Center have made it possible for us to offer an
advanced biotechnology course,” said Pamela Johnston, a biol-
ogy teacher at Alexander Central High School in Taylorsville. “The
resources provided by the Center give our students the opportunity
to be on the cutting edge of technology and the ability to compete
on a level playing field with students from larger school systems in
the state.”

Supporting teachers is critical because they give students hands-on
experience in science versus only reading about science. Research
shows this is how students learn and remember best.
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military experience or community college educa-
tion. Therefore, Career and Technical Education
(CTE) in the K-12 schools is strategically impor-
tant. Biotechnology-related CTE courses at both the
middle school and high school are vital to encour-
aging students to pursue careers in biotechnology
and should be supported.

Providing the tools

Teachers need the opportunity both to develop
curricula and to access curricula developed by
others. They need equipment and supplies for lab-
oratories so they can give their students hands-on
activities.

With increased funding, the Biotechnology
Center can supply these needs for teachers across
the state. The Biotechnology Center’s Educa-
tion Enhancement Grants program can sup-
port major educational projects, such as imple-
mentation of new programs in an entire school
system, while its Mini Grants can help individual
teachers revise courses and set up laboratories.
These grant program budgets are currently so
low that good proposals cannot be fully funded.
The Biotechnology Center’s laboratory supplies
and equipment programs for teachers also need
to be expanded. These programs provide hands-
on biotechnology teaching resources free to any
teacher in the state.
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Strengthen K-12 Math and Science: Recommended Strategies

Take Advantage of Key Opportunities

43 | Support and expand the North | This program is a cost-effective way to give individual school
Carolina Infrastructure for systems the tools and know-how to provide effective science
Science Education. education at the elementary and middle school levels. With

additional funding from the state, the State Board of Education, the
Department of Public Instruction, and the UNC Center for School
Leadership Development should expand the program to all school
systems and to high schools.

44 | Capitalize on the grant to This grant will help establish new schools organized in creative

North Carolina from the Gates
Foundation to create innovative
schools for biotechnology.

Prepare Teachers

ways to stimulate student achievement, reduce drop-out rates, and
enhance training for technical careers. Some of these schools should
specialize in biotechnology. The Biotechnology Center and the North
Carolina Science, Mathematics, and Technology Education Center
should work with program administrators to identify potential

sites and curriculum designs for new biotechnology schools in
preparation for an invitational RFP process through which planning
grants will be awarded.

45 | Require proficiency in inquiry- Inquiry-based and other related teaching methods lead to significant
based science teaching methods increases in science as well as math and writing scores, and build
for teacher accreditation. student interest in science. Such methods should be the norm

rather than the exception. The State Board of Education and the
Department of Public Instruction should institute this change in
accreditation standards, which can enhance the preparation of
science teachers.

46 | Enhance professional In collaboration with the professional development providers listed
development experiences for on page 71, the Biotechnology Center could establish a mentoring
teachers. network of retired teachers who have experience in teaching

biotechnology topics. These mentors could coach and support
other teachers in implementing the hands-on laboratory activities
presented in professional development workshops.

Provide the Tools

47 | Strengthen Career and Though state funding for middle school CTE education has been
Technical Education curricula in reduced, the Exploring Biotechnology course should be retained. At
biotechnology. the high school level, the Biotechnology Center should work with

the Department of Public Instruction to establish courses for a CTE
biotechnology career pathway.

48 | Support curriculum development | The Biotechnology Center should receive increased funding for its

and provide resources for
teaching biotechnology-related
science.

Education Grants programs, its laboratory supplies and equipment
programs, and the development of a comprehensive Web site to
provide biotechnology education resources as well as industry
and employment information to schools and the community. This
Web site would be a joint effort with the Department of Public
Instruction and the North Carolina Science, Mathematics, and
Technology Education Center.
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Strengthen Biotechnology Statewide

Biotechnology will be increasingly important to the future of all North Caro-
linians. Its impact will be seen in the economy through new jobs, new com-
panies, and new applications for existing industries. Biotechnology will also
affect community development, as leaders and institutions apply it to their
economic planning, schools, agricultural sectors, health care industries, and
long-term goals. Educational and economic impact, in particular, will be seen
on an increasingly diverse population and workforce, as persons from more
geographical regions and minority groups are trained to work in the industry.

Biotechnology in fact now has pervasive impact throughout society. It affects
science and research, investment and economic development, education and
training, agriculture, manufacturing, institutes of higher education, govern-
mental agencies and industry. With wide impact on science, the environment,
and the public, this life-changing technology also brings ethical questions
and implications. These issues are often without precedent and are not always
easily addressed. Within North Carolina, these issues must be addressed
forthrightly, to ensure public understanding of biotechnology and to instill
public confidence in the safe and wise use of the technology.

Few sectors or technologies will prove so important to the economic and soci-
etal future of North Carolina as biotechnology. The evidence is already appar-
ent. The technology has begun to affect almost every aspect of life across the
state, and will do so increasingly for decades to come. As it becomes more per-
vasive in our lives, biotechnology will require informed, sustained, and state-
wide attention and leadership.

Strategies, planning, and vision for North Carolina’s third decade of
biotechnology development must be shaped by three broad imperatives:

+ Statewide development and application of biotechnology
+ Informed and strong leadership

» Attention to societal and ethical issues.

Developing and applying biotechnology
statewide

The benefits of biotechnology must be brought as much as possible to all citi-
zens and communities across North Carolina: urban and rural, rich and poor,
east and west, north and south, minority and non-minority.

Biotechnology development is a statewide undertaking. The economic poten-
tial of the technology should be understood and targeted statewide. The
issues of the technology should be addressed in communities statewide.
Biotechnology should be effectively and realistically folded into the goals,
plans, and vision of leaders statewide.

North Carolina, rich in natural and institutional resources, is uniquely able to
weave biotechnology into more communities and more constituencies state-
wide. In addition, the movement of biotechnology from its initial research-
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The richly varied
cultures and
geography of
North Carolina
yield a wonderfully
varied foundation
for biotechnology
statewide.
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intensive phase to products and biomanufacturing expands possibilities for
communities stronger in areas other than science. Expanding the geographic
range of biotechnology will broaden the positive impact on job creation, local
economies, citizen skills, groups diverse in cultural or racial characteristics,

Lenoir location works
for biotech company

Traffic jams are nonexistent. The labor force is well trained. The
needed raw materials can be found nearby.

But this isn't the Research Triangle Park.

Greer Laboratories has nestled itself in Lenoir, at the foothills of the
Appalachian mountains, for the last 69 years. And executives with
one of the eight largest allergy-related companies in the United
States do not see a need to change locations.

“We feel like there is a good work ethic here and the quality of life
is good,” said Bill White, director of the 100-year-old company.
“We find our needs are met locally.”

Greer Laboratories’ main calling card is in the allergy-testing and
treatment field. Major products include self-loading antigen testing
kits that don't require needle sticks to test for allergies. The tests
produce a slight scratch on the skin.

The company’s Lenoir headquarters has provided another added
benefit. Scientists and collectors can find all of the needed raw
materials within an 80-mile radius to drive the company’s research.
The company bills itself as the largest supplier of allergic extracts in
the nation.

“This happens to be a good area for collecting pollen, unless you
happen to be allergic,” White said jokingly.

That hasn't been a problem for the company’s 210 employees,
nearly all of whom live in Caldwell County, said White, himself a
county native. The company operates out of seven buildings on two
campuses that encompass 200,000 square feet. Plans are in place
for a future expansion.
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and community vision and pride.

Ensuring that the benefits of biotechnology reach
into every corner of the state in the next decade
should be a high priority of leaders and policy-
makers statewide, and of the Biotechnology
Center.

A growing number of communities have
resources to build biotechnology activi-

ties. All regions can target certain aspects of
biotechnology, from education and training

to support companies and biomanufacturing.
Different regions can also build upon particu-
lar resources or niche characteristics. Biodi-
versity and trees can provide a unique empha-
sis for Western North Carolina, as can marine
resources, biomedical applications, and agricul-
ture for Eastern North Carolina. Greater Char-
lotte can continue expansion of biotechnology-
related support companies, target the conver-
gence of life science and information technolo-
gies, and direct financial resources to trigger
company development. The Piedmont Triad can
build upon its well-developed human health
resources. Regional strengths statewide might
include specific scientific research, preparation
of a workforce, investment, incubator facilities,
schools and community colleges, support ser-
vices, or new capabilities in traditional manu-
facturing. The richly varied culture and geogra-
phy of North Carolina yield a wonderfully varied
foundation for biotechnology statewide.

The Biotechnology Center’s Project to Strengthen Biotechnology Across North
Carolina has begun to develop biotechnology statewide by establishing satel-
lite offices throughout the state. Two were established in 2003, in Asheville to
serve Western North Carolina and in Winston-Salem to serve the Piedmont
Triad. If resources are gained, two more are planned for 2004, to serve Eastern
North Carolina and greater Charlotte. Reflecting both local commitment to
biotechnology and insufficiency of Biotechnology Center funds, initial finan-
cial support for the Western and Piedmont Triad offices has come from those
communities, but cannot be ensured permanently.

Satellite offices reflect an important fact of economic development in
biotechnology: targeted strategies can best be addressed by intensive local
attention rather than from a distant and centralized location. Community
leadership can more effectively be gained, long-term local economic develop-
ment strategies can be crafted, and local capabilities can be better targeted.
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Satellite offices assist all participants in the biotechnology community in

short- and long-term activities:
+ Identifying regional niches
+ Estimating area capabilities and goals

+ Recruiting and expanding companies

+ Strengthening scientific, mathematical, educational, agricultural, research,

company, and biomanufacturing capabilities

+ Assisting area agencies and institutions

+ Catalyzing commitment from governmental, institutional, and economic

development leadership.

Government and economic development leaders
across the state are correct in expecting regional
gain from such activities in coming years. Expec-
tations must be realistic, however. Biotechnology
is a key tool in the tool box of economic develop-
ment strategies for a community but can never be
considered as the only tool for economic develop-
ment. The realities of biotechnology development
must be granted. Biotechnology is more compli-
cated and costly to bring about than other, tradi-
tional sectors; activities and commitment must
be sustained in the long-term; and the focus must
generally be regional rather than local. Partner-
ships among many parties across counties are
usually required to bring about biotechnology
activities, companies, jobs and products.

The need is clear: biotechnology must benefit
communities statewide. This will require unequiv-
ocal state policy and committed leadership.

Informing leaders

The impact of biotechnology throughout society
is pervasive, as noted above. The technology is so
important to North Carolina’s current and future
economy, competitiveness and quality of life that
it must be counted among key areas of policy
attention and leadership. Like other key aspects
of society — education, the judicial system,
transportation or electricity — biotechnology
demands informed attention from the State. Like
any complex endeavor, biotechnology must be
developed with vision, planning and leadership.

Benefits are more likely if not left to luck; they must be brought about by delib-

erate attention and leadership.

Biotechnology provides a new area for North Carolina to exercise its tradition-
ally strong ability to merge leadership, vision and practical action for major
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The need is clear:
biotechnology must
benefit communities
statewide.

Addressing the societal issues of
biotechnology

Technologies throughout history have brought profound implica-
tions for humankind. Biotechnology has particularly strong impact
because it affects living organisms and the natural world and must
be used responsibly. Few, if any, earlier technologies have been so
carefully regulated, widely discussed, or dissected for issues, ques-
tions and responsibilities.

The issues of biotechnology are remarkably wide, complex and
often unprecedented. They include questions about:

e research and product priorities

e ownership and use of genetic information

¢ responsibilities to Third World countries

e stem cells and cloning

e possible transference of genetic traits from altered crops
¢ the use of animal tissues and organs for human survival
e mankind’s intervention in nature

¢ regulatory oversight

» food safety and labeling

e environmental and cultural implications of genetically altering
trees.

Confronting these and other issues and questions forthrightly

with input from all viewpoints is essential to long-term success in
biotechnology development. The state’s institutions and citizens
must be confident that biotechnology is not moving too quickly
ahead of public understanding and approval. North Carolina can
and should provide practical and bold leadership in addressing the
issues of biotechnology so its policies serve the best interests of the
state’s citizens.
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gain. The state has been fortunate to have local and State leaders who are
aware of the state’s needs and opportunities and are unafraid to address them.
Astute estimations about issues, policies and goals important to the state have

been made with greater than average success. New opportunities have been

Novozymes’ biomanufacturing plant
grows in Franklin County

Novozymes, the world's largest producer of industrial enzymes, is
also known as an environmentally friendly company.

The North Carolina Department of Environment and Natural Re-
sources named the company’s Franklinton biomanufacturing plant
as its first “environmental steward” in 2003 for exceeding environ-
mental requirements.

The plant uses technology that reduces the amount of water, water
filters and raw materials it uses. It has also created biological waste-
treatment systems that support microbial action in breaking down
waste.

Novozymes, which makes enzymes for more than 700 products
ranging from detergents to ethanol fuel, has operated in Franklin
County since 1979, when it was known as Novo Nordisk. The Dan-
ish company chose the Research Triangle area in the 1970s because
of its higher education system, accessible airport and good quality
of life.

The Franklinton plant has expanded five times, and in 1995 the
company moved its sales and marketing responsibilities for the
United States and Canada to North Carolina.

That decision has proven fruitful for the state because today
Novozymes employs about 400 people in Franklin County and has
invested more than $250 million in its plant there, after an initial
investment of $10 million in the 1970s.

identified early, such as the State’s commitment
to biotechnology more than 20 years ago.

Success in biotechnology, as with any endeavor
important to society, depends on strong leader-
ship by all who govern the state and manage its
institutions. Policies must serve practical out-
comes; programs must be supported; resources
must be allotted; and long-term, statewide out-
comes must prevail over short-term solutions or
partisan victories. Substantial money must be
committed, even during poor economic times.
Because the rewards of technology develop over
many years, the fullest evidence of biotechnology
leadership will likely also be seen in the long
term. North Carolina, through its Biotechnology
Center, was the world’s first government to
commit to biotechnology development more than
two decades ago. The State must continue that
legacy of long-term thinking, planning and acting.

Those persons responsible for the state’s long-term
economic vision, goals and appropriations must
be informed about the opportunities, required
policies, and development of biotechnology state-
wide. The Biotechnology Center joins other enti-
ties in providing information and ideas, and

in urging new directions or strategies when
required. The range of such other entities with a

place in biotechnology leadership is extensive, attesting to the importance of
biotechnology to the institutions and life of North Carolina. It includes univer-
sities and community colleges, the General Assembly and local governments,
the North Carolina Department of Commerce and economic development
agencies, and organizations with specific roles, such as the Institute of Emerging
Issues and the North Carolina Board for Science and Technology.

Attending to societal and ethical issues

Technology development has traditionally demanded attention in two broad
areas: first, foundational science and research; second, development of com-
panies, products and markets. Biotechnology requires attention to a third
equally important area: ethical, societal and policy issues.

Not surprisingly, a life-changing technology yields unprecedented questions
and challenges about impacts, priorities, environmental implications and
use of living organisms. Forthright and informed discussion of new and at

times vexing issues by many diverse parties is essential but is not always easily
gained from institutions with different missions and viewpoints. Targeted new
strategies and incisive leadership can encourage such discussion. An ongoing,
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neutral forum for hard questions and strong recommendations is required.
The Institute for Emerging Issues, established at North Carolina State Univer-
sity to help address North Carolina’s future challenges and opportunities, is
ideally suited for this role. It is well positioned to provide forums, publications,
symposia, public engagement, position papers, and assistance to policy leaders.

Addressing the ethical, cultural, societal and policy issues of biotechnology
is neither a luxury nor just an interesting academic experience. Doing so is

a societal responsibility and an effective strategy. Attention to the implica-
tions of a technology is justifiably expected of the persons and institutions
bringing that technology to the public. The strategic value of such discussion
is equally important; without it, expected economic and societal benefits of
biotechnology might be curtailed by uncertainty, be shaped with insufficient
policy, or worse be less carefully developed. Because such attention is seldom
encouraged at the state level, establishment of a committed, permanent frame-
work will yield additional leadership for North Carolina — as well as recogni-
tion worldwide that the state is fully prepared for every challenge stemming
from the development, use, and public implications of biotechnology.

North Carolina is
positioned among
the top five states

in the country for
taking advantage of
biotechnology as a
key economic engine.
Our state also has the
chance to lead the
world in developing
new societal
institutions and the
wisdom to properly
manage our newfound
power.

— TOM HOBAN, PROFESSOR
OF SOCIOLOGY AND FOOD
SCIENCE, NORTH CAROLINA
STATE UNIVERSITY

Strengthen Biotechnology Statewide: Recommended Strategies

Developing and applying biotechnology statewide

49 | Assist communities North Carolina, varied in natural and institutional resources, is uniquely
statewide, particularly able to spread a growing amount of its biotechnology development
rural ones, to identify niche statewide. Doing so requires: realistic estimation of area capabilities and
opportunities and target goals; recruitment or expansion of companies; strengthening of scientific,
resources for building educational, support, company, agricultural and.blo_manufacturlng .
biotechnology-related capabilities; assistance to area agencies and institutions; and commitment

L from governmental, institutional, and economic development leadership.
activities. Results will be gained with sustained attention and appropriate strategies.

50 | Provide funding for the Targeting biotechnology applications and development to communities
Biotechnology Center to statewide is feasible, but can best be accomplished with strong attention
establish and maintain within specific regions rather than from a central, distant location.
permanent satellite offices Small satellite offices of the Biotechnology Center, responsive to niche
statewide. opportunities with a community-based approach and programmatic

funding, will accelerate economic development in biotechnology.
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Strengthen Biotechnology Statewide: Recommended Strategies

Informing leaders

51

Charge the Biotechnology
Center with leadership
for North Carolina’s
biotechnology policies
and strategies, including
implementation of the
Strategic Plan.

Biotechnology develops from many diverse parties working purposefully
together and is based on partnership among universities, community
colleges, government and industry. Because the contributions and goals
of these sectors are different, but must be brought to common purpose,
the Biotechnology Center was established as a central focus, catalyst and
partner. As such, the Biotechnology Center is deliberately positioned to
assist, rather than direct or duplicate, the activities of these sectors. In
addition, it is expected to have an informed and comprehensive view of
the requirements, activities and goals of North Carolina’s biotechnology
community. In these roles, the Biotechnology Center is logically expected
to serve also as a first, central voice for new ideas, suggested strategies,
necessary resources and emerging areas of opportunity.

The Biotechnology Center should be mandated to serve these roles in
two main ways, annually reporting on each to the State’s leadership and
biotechnology community:

1. In relation to this strategic plan, the Biotechnology Center should
report about implementation activities, evaluate outcomes and
recommend appropriate changes as results unfold.

2. The Biotechnology Center should recommend statewide opportunities,
strategies, areas of attention, responses to issues, and responses to
national and international competition. Biotechnology partners across
North Carolina should be drawn upon for information, ideas and
resources. The Biotechnology Center should synthesize information and
advocate strategies to assist its partners.

52

Inform and engage the
Governor, Lt. Governor,
General Assembly, and
Council of State in issues
critical to biotechnology
development.

Biotechnology is so important to North Carolina’s future economy,
competitiveness and quality of life that it must receive policy attention
and leadership from the highest levels. Leaders responsible for the

State’s long-term economic vision, goals and investments must be
comprehensively and regularly informed about the opportunities, required
policies, and development of biotechnology statewide. The Biotechnology
Center will join other entities in providing information and ideas, and in
urging new directions or strategies when required.

Attending to societal and ethical issues

Board of Science and
Technology.

53 | Establish a forum at the Biotechnology yields profound and often unprecedented questions, issues
Institute for Emerging and implications. Public and private institutions, often with differing
Issues for the timely and points of view, must be brought together for discussion, analysis and
responsible discussion of realistic policy recommendations. Establishing a framework.in which to
ethical. cultural. societal carefully address the issues of biotechnology is both a required strategy
and pollicy issuels of and a societal responsibility. Doing so will also signal North Carolina’s

. leadership in addressing issues at the state level. Established to bridge
biotechnology. gaps between public policy and the fields of science, engineering,
and technology, the Institute for Emerging Issues is well positioned to
assemble the diverse statewide institutions, agencies and voices required
to address the issues of biotechnology.
54 | Increase funding for the Because science and technology are interrelated and so vital to North

Carolina’s economy, they require coordinated attention at the state level.
Increasing the resources of the Board will enable it to better develop
programs, identify opportunities, and strengthen science and technology
as a foundation for North Carolina’s economic development.
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New Jobs Across North Carolina:
Moving Forward

The table on the following pages lists the 54 strategies recommended in this
plan, together with:

+ Timetable for implementation

+ Estimated annual investment required for implementation
+ Agencies or institutions responsible for implementation

+ Measures of success for evaluating each strategy.

It should be emphasized that investment figures are preliminary estimates,
based on data available at the time of this writing. As planning for activities
goes forward and strategies are refined, estimates will be revised. In some
cases, the levels of investment remain to be determined (TBD) until the strate-
gies are more clearly defined.

In all cases, the investments listed represent new dollars, over and above
current funding levels of designated institutions or agencies.

The assignment of investment amounts to specific fiscal years implies a sched-
ule for each activity, with most beginning in the first year of this plan. In sev-
eral cases, investment levels assume a scaling up or down of the level of activ-
ity over time. In many cases these implementation schedules will need to be
adjusted when plans are more concrete.
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Timetable | Required Investment
# | Strategy (Preliminary estimates)

Attract and retain research talent.

1 Re-commit to funding the existing endowed chairs for faculty FY2005 $10,000,000
and establish a general fund for faculty start-up packages. FY2006 $10,000,000
FY2007 $10,000,000
FY2008 $10,000,000
FY2009 $10,000,000
2 Recruit targeted faculty through the Biotechnology Center’s FY2005 $2,000,000
Faculty Recruitment Grant Program. FY2006 $2,500,000
FY2007 $3,000,000
FY2008 $3,000,000
FY2009 $3,000,000
3 Recruit top graduate students. FY2005 TBD
FY2006 TBD
FY2007 TBD
FY2008 TBD
FY2009 TBD

Build statewide biotechnology research infrastructure.

4 Renew and expand state funding for equipment and FY2005 $2,000,000
instrumentation through Biotechnology Center programs. FY2006 $2,500,000
FY2007 $3,000,000
FY2008 $3,500,000
FY2009 $4,000,000
5 Develop a statewide network of research centers focused on key FY2005 $200,000
regional resources. FY2006 $5,200,000
FY2007 $7,200,000
FY2008 $9,200,000
FY2009 $11,200,000
6 Seek federal funds to create a powerful statewide information FY2005 TBD
technology infrastructure. FY2006 TBD
FY2007 TBD
FY2008 TBD
FY2009 TBD

Support innovative research.

7 Support early-stage applied research through Biotechnology FY2005 $1,000,000
Center Academic Research Initiation Grants. FY2006 $2,000,000
FY2007 $2,000,000

FY2008 $3,500,000

FY2009 $3,500,000
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# | Parties Responsible Success Measures

Attract and retain research talent.

1 UNC System Track results obtained by endowed faculty, including:
e Amount of federal funding received

¢ Number of invention disclosures

Number of patents

Number of licenses

Number of companies established

Number of publications

2 Biotechnology Center Track results obtained by recruited faculty, including:
e Amount of federal funding received

e Number of invention disclosures

Number of patents

Number of licenses

Number of companies established

Number of publications

3 UNC System Number of graduate students in biotechnology-related areas
¢ Number of these students who remain in North Carolina after completing

their studies

Build statewide biotechnology research infrastructure.

4 Biotechnology Center * Number of awards made

5 Biotechnology Center Amount of regional center funding versus:

¢ Number of faculty recruited to regional centers
e Amount of federal funding obtained by regional centers
e |evel of technology transfer activities at regional centers

6 North Carolina Genomics and | ¢ Funds received from the federal government
Bioinformatics Consortium

Support innovative research.

7 Biotechnology Center Track results obtained by faculty, including:
e Amount of federal funding received

e Number of invention disclosures
Number of patents

Number of licenses

Number of companies established
Number of publications
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Timetable | Required Investment
Strategy (Preliminary estimates)

Transform new ideas into commercial opportunity.

8 Provide universities with the resources and flexibility to structure FY2005 TBD
technology transfer offices that meet their unique needs. FY2006 TBD
FY2007 TBD

FY2008 TBD

FY2009 TBD

Make the university-industry connection.

9 Utilize existing and new research parks to facilitate regional FY2005 TBD
biotechnology development. FY2006 TBD
FY2007 TBD
FY2008 TBD
FY2009 TBD
10 Establish university leadership/economic development networks. FY2005 -0-
FY2006 -0-
FY2007 -0-
FY2008 -0-
FY2009 -0-
11 Strengthen ties between universities and industry. FY2005 $250,000
FY2006 $250,000
FY2007 $250,000
FY2008 $250,000
FY2009 $250,000

Support the scientist-entrepreneur.

12 Define the economic development missions of the universities. FY2005 -0-
FY2006 -0-
FY2007 -0-
FY2008 -0-
FY2009 -0-
13 Incorporate an evaluation of “total impact” into faculty FY2005 -0-
promotion and tenure decisions. FY2006 -0-
FY2007 -0-
FY2008 -0-
FY2009 -0-
14 | Provide support to faculty for pursuing entrepreneurial FY2005 $500,000-$1,000,000
endeavors and entrepreneurial sabbaticals. FY2006 $500,000-%$1,000,000
FY2007 $500,000-$1,000,000
FY2008 $500,000-$1,000,000
FY2009 $500,000-$1,000,000
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#

Parties Responsible

Success Measures

Transform new ideas into commercial opportunity.

8 UNC System e Number of patents
¢ Number of inventions disclosures
e Number of licensing deals
e Number of company start-ups
Make the university-industry connection.
9 UNC System e Number of Millenium-type campuses established
e Number and identity of tenants on those campuses
e |evel of sponsored research from park tenants
¢ Number of students employed by park tenants
10 Biotechnology Center in e Number of business recruitments
partnership with the UNC ¢ Number of business retentions
System, the Department of
Commerce, and the Small
Business and Technology
Development Center
11 UNC System e Establishment of offices of industrial relations
e Dollar amounts of university/industry partnerships and collaborations
statewide
e Number of graduates trained in North Carolina who are hired by North
Carolina companies
Support the scientist-entrepreneur.
12 | UNC System Board of ¢ Final approval of new strategic directions by the UNC System Board of
Governors Governors
13 | UNC System In addition to teaching and the preparation of graduate students, faculty
should be evaluated on:
e Number of patents
¢ Number of inventions disclosures
* Number of licensing deals
e Number of company start-ups
e Amount of federal funding received
14 Biotechnology Center Track results obtained by faculty, including:

Number of awards made

Amount of federal funding gained
Number of patents

Number of inventions disclosures
Number of licensing deals
Number of company start-ups
Progress of company start-ups
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Timetable | Required Investment
Strategy (Preliminary estimates)

15 Establish an entrepreneurs-in-residence program. FY2005 $200,000 per entrepreneur
FY2006 $200,000 per entrepreneur
FY2007 $200,000 per entrepreneur
FY2008 $200,000 per entrepreneur
FY2009 $200,000 per entrepreneur

Increase sources of early stage investment capital.

16 | Replenish the Biotechnology Center’s Economic Development FY2005 $2,000,000
Investment Fund. FY2006 $3,000,000
FY2007 $4,000,000
FY2008 $5,000,000
FY2009 $5,000,000
17 | Allocate a small percentage of existing state funds, such as FY2005 $25-50M (invested funds)
escheat or pension, for investment in biotechnology start-up FY2006 $25-50M (invested funds)
companies located in North Carolina. FY2007 $25-50M (invested funds)
FY2008 $25-50M (invested funds)
FY2009 $25-50M (invested funds)
18 | Modify and create a permanent Qualified Business Ventures FY2005 $6,000,000
(QBV) tax credit. FY2006 $6,000,000
FY2007 $6,000,000
FY2008 $6,000,000
FY2009 $6,000,000
19 Market North Carolina to national and international venture FY2005 $250,000
capitalists. FY2006 $250,000
FY2007 $250,000
FY2008 $250,000
FY2009 $250,000
20 Help companies understand and access federal resources. FY2005 $100,000
FY2006 $100,000
FY2007 $100,000
FY2008 $100,000
FY2009 $100,000

Provide targeted tax relief.

21 Identify and implement tax policies that support biotechnology FY2005 TBD
company creation and growth. FY2006 TBD
FY2007 TBD

FY2008 TBD

FY2009 TBD

Develop successful entrepreneurs.

22 Create a Biotech Leadership Circle to mentor entrepreneurs. FY2005 -0-
FY2006 -0-
FY2007 -0-
FY2008 -0-
FY2009 -0-
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#

Parties Responsible

Success Measures

Development, Biotechnology
Center, North Carolina
Biosciences Organization,
Small Business and
Technology Development
Center

15 | UNC System ¢ Number of entrepreneurs-in-residence hired
e Success of companies that entrepreneurs-in-residence support
Increase sources of early stage investment capital.
16 | Biotechnology Center e Number of companies funded
e Amount of additional public or private investment in funded companies
¢ Number of job years created
17 | State Treasurer, Biotechnology | ® Return on investment
Center ¢ Number of companies funded
e Amount of additional public and private investment in funded companies
e Number of job years created
18 | Department of Revenue ¢ Total annual investment in qualified R&D companies
e Number of individual investors
¢ Qualified investments per year that exceed the QBV cap
19 | Department of Commerce, e Number of venture capital funds investing in North Carolina companies
Biotechnology Center for the first time
¢ Number of investments by these funds
e Number of repeat venture capital investments by these funds
¢ Total annual investments by these funds
20 | Small Business and ¢ Number of companies that apply for federal grants
Technology Development ¢ Number of companies that receive federal grants
Center, Council for ¢ Federal funding received by companies
Entrepreneurial Development, | ® Number of federal collaborations established
North Carolina Biosciences
Organization, Biotechnology
Center
Provide targeted tax relief.
21 | General Assembly, North TBD
Carolina Biosciences
Organization, Department of
Revenue
Develop successful entrepreneurs.
22 | Council for Entrepreneurial ¢ Number of entrepreneurs participating as mentors

¢ Number of entrepreneurs mentored
¢ Informal feedback
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Timetable | Required Investment
Strategy (Preliminary estimates)

#

23 Provide leadership training for early stage managers and FY2005 -0-
founders. FY2006 -0-

FY2007 -0-

FY2000 -0-

FY2009 -0-
Empower the Department of Commerce.

24 | Provide adequate staff to the North Carolina Department FY2005 TBD
of Commerce to enable it to pursue aggressive recruitment FY2006 TBD
activities. FY2007 TBD

FY2008 TBD
FY2009 TBD

25 | Evaluate opportunities to forge international partnerships FY2005 TBD
strategically valuable to North Carolina’s recruitment efforts and FY2006 TBD
the state’s biotechnology community. FY2007 TBD

FY2008 TBD
FY2009 TBD

26 Establish a Hot Opportunities Team to coordinate the state’s FY2005 -0-
recruitment of “hot” company prospects and retention of FY2006 -0-
companies at risk of leaving North Carolina. FY2007 -0-

FY2008 -0-
FY2009 -0-
Market North Carolina.

27 | Provide adequate funding to the Commerce Department to FY2005 $5,000,000
support the creation and execution of targeted marketing FY2006 $5,000,000
strategies that effectively sell North Carolina’s life sciences FY2007 $5,000,000
assets. FY2008 $5,000,000

FY2009 $5,000,000
Close the deal: create competitive financial incentives.
28 | Create a special incentive fund for major life sciences company FY2005 TBD
recruitments. FY2006 TBD
FY2007 TBD
FY2008 TBD
FY2009 TBD
29 Fully fund the One North Carolina Fund. FY2005 $15,000,000
FY2006 $15,000,000
FY2007 $15,000,000
FY2008 $15,000,000
FY2009 $15,000,000
30 | Lift restrictions (or provide exceptions to limits) on North FY2005 TBD
Carolina’s Job Development Investment Grants. FY2006 TBD
FY2007 TBD
FY2008 TBD
FY2009 TBD
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# | Parties Responsible Success Measures
23 | Council for Entrepreneurial e Number of participants
Development, North Carolina | ® Number of courses offered
Biosciences Organization,
Biotechnology Center,
university business schools
Empower the Department of Commerce.
24 | Department of Commerce ¢ Number of qualified prospects
¢ Number of successful recruitments
¢ Number of jobs/job-years created
25 | Department of Commerce, e Measures would be collaboration-specific
Biotechnology Center

26 | Department of Commerce, ¢ Informal feedback
Biotechnology Center
Market North Carolina.

27 | Department of Commerce ¢ Number of qualified prospects
¢ Number of successful recruitments
e Number of jobs/job-years created

Close the deal: create competitive financial incentives.

28 | Department of Commerce e Number of successful recruitments using these funds
e |evel of investment per company recruited
¢ Number of jobs created

29 | Department of Commerce ¢ Number of companies receiving investment
¢ |evel of investment per company
e Number of jobs retained or created

30 | Department of Commerce ¢ Number of jobs retained or created
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Timetable | Required Investment
Strategy (Preliminary estimates)

#
31 Support financing for companies building biomanufacturing FY2005 TBD
plants in North Carolina through credit-enhancing vehicles. FY2006 TBD
FY2007 TBD
FY2008 TBD
FY2009 TBD
Address the needs of bioscience businesses already in North Carolina.
32 | Survey the status and needs of biotechnology, biomanufacturing FY2005 $500,000 - $1,000,000
and other life sciences companies located throughout the state. FY2006 $500,000 - $1,000,000
FY2007 $500,000 - $1,000,000
FY2008 $500,000 - $1,000,000
FY2009 $500,000 - $1,000,000
33 Fund continuing education programs at the community colleges FY2005 $3,000,000
at the same level as curriculum programs. FY2006 $3,000,000
FY2007 $3,000,000
FY2008 $3,000,000
FY2009 $3,000,000
34 | Provide an Innovation Fund for the Community College System FY2005 $2,000,000
to support biotechnology initiatives. FY2006 $2,000,000
FY2007 $2,000,000
FY2008 $2,000,000
FY2009 $2,000,000
35 | Upgrade community college science and engineering technology FY2005 -0-
laboratories. FY2006 $5,000,000
FY2007 $5,000,000
FY2008 $5,000,000
FY2009 $5,000,000
36 | Provide continuation funding for the Biomanufacturing and FY2005 -0-
Pharmaceutical Training Consortium. FY2006 $6,000,000
FY2007 $12,000,000
FY2008 $12,000,000
FY2009 $12,000,000
37 | Provide professional development opportunities for faculty. FY2005 $100,000
FY2006 $100,000
FY2007 $150,000
FY2008 $200,000
FY2009 $200,000
38 | Develop and implement industry-approved certifications. FY2005 -0-
FY2006 $150,000
FY2007 $200,000
FY2008 $200,000
FY2009 $50,000
39 Provide support for innovative program development. FY2005 $150,000
FY2006 $150,000
FY2007 $150,000
FY2008 $150,000
FY2009 $150,000
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Parties Responsible

Success Measures

31 | General Assembly e Number of biomanufacturing facilities financed
e Amount of additional public or private investment in companies financed
¢ Number of jobs created
Address the needs of bioscience businesses already in North Carolina.
32 | Department of Commerce, e A yearly report of common needs or problems for North Carolina biotech
Local economic developers companies
e Number of companies at risk of leaving North Carolina
e Number of at-risk companies choosing to remain in North Carolina
33 | Community College System ¢ Implementation of continuing education courses relevant to
biotechnology industry sector
e Instructor and employer satisfaction with teaching facilities and support
e Industry satisfaction with courses and graduates
34 | Community College System e Sustained enrollment to meet Industry needs
¢ Industry satisfaction with graduates and relevance of curricula
35 | Community College System e Improved student performance in higher-level courses
¢ Implementation of biotechnology-related material and more hands-on
experimentation in curricula statewide
e Enhanced recruitment and retention of students in science programs
36 | Biomanufacturing and e Employment of graduates in North Carolina companies
Pharmaceutical Training e Enroliment
Consortium e Satisfaction of incumbent employees with programs
e |evel of continuing industry support to the Consortium
37 | Biotechnology Center ¢ Faculty/staff enrollment in programs
¢ Implementation of industrially-relevant material in courses and curricula
38 | Biotechnology Center and ¢ Industry participation in developing certifications
professional organizations e Company recognition of certificates in hiring and promoting employees
¢ Stimulation of targeted curriculum development in colleges
¢ Recognition of North Carolina’s leadership in workforce development
39 | Biotechnology Center e Level of access by students statewide to up-to-date equipment and the
newest technologies
e Effectiveness with which colleges implement new curricula that meet
Industry needs
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Timetable | Required Investment
Strategy (Preliminary estimates)

#
40 | Expedite the implementation of articulation agreements FY2005 -0-
between community colleges and universities. FY2006 -0-
FY2007 -0-
FY2008 -0-
FY2009 -0-
41 Provide basic curriculum resources about the industry. FY2005 $100,000
FY2006 $300,000
FY2007 $300,000
FY2008 $300,000
FY2009 $75,000
42 | Establish a Biotechnology Workforce Advisory Council. FY2005 -0-
FY2006 -0-
FY2007 TBD
FY2008 TBD
FY2009 TBD
43 | Support and expand the North Carolina Infrastructure for FY2005 $100,000
Science Education. FY2006 $200,000
FY2007 $350,000
FY2008 $350,000
FY2009 $350,000
44 | Capitalize on the grant to North Carolina from the Gates FY2005 TBD
Foundation to create innovative schools for biotechnology. FY2006 TBD
FY2007 TBD
FY2008 TBD
FY2009 TBD
45 | Require proficiency in inquiry-based science teaching methods FY2005 TBD
for teacher accreditation. FY2006 TBD
FY2007 TBD
FY2008 TBD
FY2009 TBD
46 | Enhance professional development experiences for teachers. FY2005 -0-
FY2006 $100,000
FY2007 $200,000
FY2008 $200,000
FY2009 $300,000
47 Strengthen Career and Technical Education curricula in FY2005 $180,000
biotechnology. FY2006 $100,000
FY2007 $100,000
FY2008 $100,000
FY2009 $100,000
48 | Support curriculum development and provide resources for FY2005 $60,000
teaching biotechnology-related science. FY2006 $60,000
FY2007 $180,000
FY2008 $180,000
FY2009 $160,000
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Parties Responsible

Success Measures

and Science, Math, and
Technology Education Center

40 | Community College System e Extent to which appropriate Associate of Science degree courses are
and UNC System accepted by all UNC System institutions
e Extent to which Associate of Applied Science programs are articulated
with minimal loss of credit to baccalaureate science/technology programs
41 | Biotechnology Center e Effectiveness of counseling of K-12 and college students about
biotechnology careers
¢ Implementation of curriculum materials covering pharmaceutical and
biotechnology Industry operations and Good Manufacturing Practices
42 | Biotechnology Center e K-12 schools, community colleges, and universities statewide have
consistent, coordinated leadership from industry to Inform and shape
education and training programs
43 | North Carolina Infrastructure | ® Higher student scores on math and science tests, as well as in reading
for Science Education and writing
e Expression of continued student interest in science as students move into
higher grades
44 | Gates Foundation Grant e Number of innovative schools with a biotechnology focus that are
administrators; participating established
school districts e Graduation rate increases
¢ Number of graduates pursuing industrial careers paths
45 | State Board of Education e Number of teachers using effective science teaching methods
and Department of Public ¢ Higher student scores in science and more students taking advanced
Instruction science courses
46 | Biotechnology Center ¢ Implementation of biotechnology-related material in basic as well as
advanced middle school and high school biology and chemistry courses
statewide
47 | Department of Public e Number of middle school students learning about careers in
Instruction and Biotechnology biotechnology
Center ¢ Number of high school students entering community college programs
leading to industrial careers in biomanufacturing or other relevant career
paths
48 | Biotechnology Center ¢ Implementation of biotechnology-related material in basic as well as

advanced middle school and high school biology and chemistry courses
statewide
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Timetable | Required Investment

Strategy (Preliminary estimates)

49 | Assist communities statewide, particularly rural ones, to FY2005 TBD
identify niche opportunities and target resources for building FY2006 TBD
biotechnology-related activities. FY2007 TBD

FY2008 TBD
FY2009 TBD
50 | Provide funding for the Biotechnology Center to establish and FY2005 $1,000,000
maintain permanent satellite offices statewide. FY2006 $1,500,000
FY2007 $1,500,000
FY2008 $2,000,000
FY2009 $2,000,000

51 | Charge the Biotechnology Center with leadership for North FY2005 TBD
Carolina’s biotechnology policies and strategies, including FY2006 TBD
implementation of the Strategic Plan. FY2007 TBD

FY2008 TBD
FY2009 8D

52 | Inform and engage the Governor, Lt. Governor, General FY2005 -0-
Assembly, and Council of State in issues critical to biotechnology | FY2006 -0-
development. FY2007 -0-

FY2008 -0-
FY2009 -0-

53 | Establish a forum at the Institute for Emerging Issues for the FY2005 $250,000
timely and responsible discussion of ethical, cultural, societal and | FY2006 $250,000
policy issues of biotechnology. FY2007 $250,000

FY2008 $250,000
FY2009 $250,000
54 | Increase funding for the Board of Science and Technology. FY2005 $1,000,000
FY2006 $1,000,000
FY2007 $1,500,000
FY2008 $1,500,000
FY2009 $1,500,000
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Parties Responsible

Success Measures

49 | Biotechnology Center with e Specific measures TBD
educational, governmental, e Broad outcomes: increases in regional biotechnology companies, workers,
economic development, and educational programs, investments, and related applications
private parties statewide
50 | Biotechnology Center with ¢ Four staffed satellite offices established by end of calendar year 2004
regional partners e Specific measures TBD by each region
e Broad outcomes: increases in regional biotechnology companies, workers,
educational programs, investments, and related applications
51 | Biotechnology Center with Reports on status, development, and changes in North Carolina’s
participants in biotechnology biotechnology plan and implementation of required strategies
development statewide Verifiable information, reports, and briefings statewide on suggested new
strategies, modifications, or opportunities for biotechnology development
52 | Biotechnology Center with Reports on the status, development, and opportunities for biotechnology
participants in biotechnology development statewide
development statewide
53 | Institute for Emerging Annual meetings, reports, and analyses to inform public and
Issues with university and governmental understanding and when possible practical policy
institutional partners
54 | Board of Science and Identification of key new sectors or developments by commissioned

Technology, Department of
Commerce, Office of the
Governor

analyses and reports
Annual funding of 4-8 Opportunity Grants for initial exploration of those
sectors
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Strategic Plan Work Groups

Building
Entrepreneurial
Companies
Work Group

Co-Chairs:

W. Mark Crowell

Associate Vice Chancellor and
Director, Office of Technology
Development

The University of North Carolina at
Chapel Hill

Christy L. Shaffer, Ph.D.
Chief Executive Officer
Inspire Pharmaceuticals, Inc.

Robert M. Bell, Ph.D.
Lifesciences Venture Partner
Intersouth Partners

Dani P. Bolognesi, Ph.D.

Chief Executive Officer and Chief
Scientific Officer

Trimeris, Inc.

Eric Button
President and Managing Director
BioEmerge Partners, Inc.

John Craichy

Business Development Director
North Carolina Biotechnology
Center

Scott R. Daugherty

Executive Director

Small Business and Technology
Development Center

Monica P. Doss

President

Council for Entrepreneurial
Development

Vipin K. Garg, Ph.D.
President and Chief Executive
Officer

Tranzyme, Inc.

Heinrich Gugger, Ph.D.
President and Chief Executive
Officer

Paradigm Genetics, Inc.

Fred D. Hutchison
Founding Partner
Hutchison & Mason PLLC

Richard E. Kouri, Ph.D.
Entrepreneur-in-Residence

The Kenan-Flagler Business School
The University of North Carolina at
Chapel Hill

Sheila Lyons
Executive Director
Triad Entrepreneurial Initiative

Scott E. Neuville

President and Chief Executive
Officer

Qualyst, Inc.

Marti Van Scott

Director, Office of Technology
Transfer

East Carolina University

Max N. Wallace
Consultant

Bradford B. Walters M.D., Ph.D.,
M.B.A.

Partner

Academy Funds

K-12 Education
Work Group

Co-Chairs:

William E. Schy, Ph.D.
Education and Training Manager
North Carolina Biotechnology
Center

William J. Tucci

Chief Consultant, Science and Math
North Carolina Department of
Public Instruction

Elizabeth Allan, Ph.D.

Director, Center for Math/Science
Education

Western Carolina University

June Atkinson

Director of Instructional Services
North Carolina Department of
Public Instruction
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Walter E. Bollenbacher, Ph.D.
Executive Director, Partnership
for Minority Advancement in the
Biomolecular Sciences

The University of North Carolina at
Chapel Hill

Christine Boytos

Manager, Science Education
Initiatives

GlaxoSmithKline

].B. Buxton

Education Advisor, Office of the
Governor

State of North Carolina

Vincent C. Henrich, Ph.D.

Director, Institute for Health,
Science and Society

The University of North Carolina at
Greensboro

Verna L. Holoman

Executive Director

North Carolina Mathematics and
Science Education Network

Cheryl Horton, Ph.D.
Assistant Professor of Education
North Carolina Central University

Samuel H. Houston, Ed.D.
President and Chief Executive
Officer

North Carolina Science,
Mathematics and Technology
Education Center

Marilyn Link

Instructor of Science

North Carolina School of Science
and Mathematics

Charles F. Lytle, Ph.D.

Professor and Coordinator, Biology
Outreach Program

North Carolina State University

Deborah K. Mangum

Director, K-12 Programs

The William R. Kenan, Jr. Institute
for Engineering, Technology &
Science

North Carolina State University
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Gordon W. Plumblee
Teacher
Western Alamance High School

Laura S. Privalle, Ph.D.
Senior Manager of Regulatory
Science

BASF Plant Science

Elizabeth M. Rue
Retired High School Teacher

Dave Smith

Center for Inquiry-Based Learning
Department of Biology

Duke University

Clara Stallings

Middle Level-Science Consultant
North Carolina Department of
Public Instruction

Sally Stoehr, M.D.
Scientist II1
Icagen

Elizabeth Wilson, Ed.D.

Assistant Professor

Department of Agriculture and
Extension Education/FFA Program
North Carolina State University

Public Policy

& Societal
Considerations
Work Group

Co-Chairs:

W. Steven Burke

Senior Vice President, Corporate
Affairs

North Carolina Biotechnology
Center

Noah M.]. Pickus, Ph.D.
Director, Institute for Emerging
Issues

The William R. Kenan, Jr. Institute
for Engineering, Technology &
Science

Ted Abernathy

Executive Vice President
Research Triangle Regional
Partnership

Ran Coble

Executive Director

North Carolina Center for Public
Policy Research

Margaret B. Dardess, Ph.D.,, ].D.
Senior Associate Dean for
Administration, School of Public
Health

The University of North Carolina at
Chapel Hill

J. Donald deBethizy, Ph.D.
President and Chief Executive
Officer

Targacept, Inc.

Willard A. Dickerson

Division Director, Plant Industry
North Carolina Department of
Agriculture & Consumer Services

Thomas L. Feldbush, Ph.D.
Vice Chancellor

Division of Research, Economic
Development and Community
Engagement

East Carolina University

W. Gerry Hancock
Partner
Everett, Haskins, Hancock & Stevens

Andrea L. Harris

President

Institute of Minority Economic
Development

Thomas W. Lambeth
Senior Fellow
Z. Smith Reynolds Foundation

Wayne McDevitt

Vice Chancellor, Administration &
Financial Affairs

The University of North Carolina at
Asheville

Larry A. Nielsen, Ph.D.
Dean, College of Natural Resources
North Carolina State University

Eleanor Nunn, Ph.D.
Program Coordinator
North Carolina Central University

Christina Russell

Corporate Affairs Director
North Carolina Biotechnology
Center

Samuel M. Taylor
Executive Vice President
North Carolina Biosciences
Organization

102 NEW JOBS ACROSS NORTH CAROLINA

Mark S. Wdowik

Director, Office of Technology
Transfer

The University of North Carolina at
Charlotte

Robert E. Wright, Ph.D.

Vice President, Institutional
Planning and Development
National Humanities Center

Recruiting Life
Sciences Companies
Work Group

Co-Chairs:

Ray Denny

Director, Business and Industry
Division

North Carolina Department of
Commerce

Donald Kirkman

President and Chief Executive
Officer

Piedmont Triad Partnership

William O. Bullock

Industrial Development Manager
North Carolina Biotechnology
Center

Dale B. Carroll

President and Chief Executive
Officer

AdvantageWest North Carolina

John D. Chaffee
Executive Director

Pitt County Development
Commission

David E. Cline
President
Cline Seabrook Company

Bo Crouse Feuerhelm, CPSM
Associate and Director of Client
Services

CRB Consulting Engineers, Inc.

Peter Cunningham

Director, International Trade
Division

North Carolina Department of
Commerce

Oppie N. Jordan
Vice President
Carolinas Gateway Partnership
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R. Anthony Laughrey
President and Chief Executive
Officer

KBI BioPharma, Inc.

Kenneth B. Lee, Jr.
General Partner
BioVista Capital

James E. Nichols

Business Development Leader,
Science and Technology Group
O’Brien/Atkins

Pete Pellerito

Economic Policy Advisor
Biotechnology Industry
Organization

James O. Roberson

President

Research Triangle Foundation of
North Carolina

Gregory Schulz
President
Phenix Research Products

Philip L. Sheridan

Economic Development
Representative

North Carolina Department of
Commerce

Marshall White, Jr., Ph.D.
Executive Vice President
Guilford Technical Community
College

University Research
and Infrastructure
Work Group

Co-Chairs:

Russ Lea, Ph.D.

Vice President for Research and
Director of Sponsored Programs,
Office of the President

The University of North Carolina

Maria Rapoza, Ph.D.

Director, Science and Technology
Development

North Carolina Biotechnology
Center

Daniel G. Baden, Ph.D.

Director, Center for Marine Science
The University of North Carolina at
Wilmington

John G. Gilligan, Ph.D.

Vice Chancellor for Research and
Graduate Studies

North Carolina State University

John E. Hamer, Ph.D.

Chief Scientific Officer and Vice
President, Business Development
Paradigm Genetics

Kenneth R. Harewood, Ph.D.
Director, Professor of Biology
Biomedical/Biotechnology Research
Institute

North Carolina Central University

Steven A. Lommel, Ph.D.
Assistant Vice Chancellor for
Research and Professor

North Carolina State University

Carolyn Mahoney

Provost and Vice Chancellor for
Academic Affairs

Elizabeth City State University

Stephen R. Mosier, Ph.D.

Associate Provost for Research and
Federal Relations

The University of North Carolina at
Charlotte

Steve Petteway, Ph.D.

Vice President of Preclinical
Research and Pathogen Safety
Bayer Biological Products
Bayer Corporation

Paul V. Phibbs, Jr. Ph.D.
Professor and Chairman,
Department of Microbiology and
Immunology School of Medicine
East Carolina University

Stephen S. Rich, Ph.D.
Professor and Vice Chairman,
Department of Public Health
Sciences

Wake Forest University Medical
Center

James N. Siedow, Ph.D.
Vice Provost for Research
Duke University

John Steffens
Head of Traits Research
Syngenta Biotechnology, Inc.
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Tony G. Waldrop, Ph.D.

Vice Chancellor for Research and
Graduate Studies

The University of North Carolina at
Chapel Hill

Rosemary C. Wander Ph.D.
Associate Provost for Research

The University of North Carolina at
Greensboro

Katherine M. Whatley, Ph.D.
Associate Vice Chancellor for
Natural Science

Professor of Physics

The University of North Carolina at
Asheville

Workforce Training
Work Group

Co-Chairs:

Larry Keen, Ph.D.

Vice President, Economic and
Workforce Development

North Carolina Community College
System

Kathleen Kennedy, Ph.D.
Vice President, Education and
Training

North Carolina Biotechnology
Center

K. Ray Bailey

President
Asheville-Buncombe Technical
Community College

Brad Benson, Ph.D.
Senior Vice President of
Biopharmaceutics
aaiPharma, Inc.

Susan Carson, Ph.D.

Biotechnology Academic
Coordinator

Visiting Assistant Professor, Botany
North Carolina State University

Emanuel J. Diliberto, Jr., Ph.D.
Professor and Chairman
Department of Pharmaceutical
Science

Campbell University School of
Pharmacy
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Marvin Joyner, Ph.D.
President

Central Carolina Community
College

Martha Matthews

Manager, Technical Training and
Compliance

Biogen Idec, Inc.

Scott Ralls, Ph.D.
President
Craven Community College

Susan Seymour

Customized Training Director,
Economic and Workforce
Development

North Carolina Community College
System

Roger Shackleford

Executive Director, Commission on
Workforce Development

North Carolina Department of
Commerce

Joanne Steiner

Director, Organizational
Development

Novozymes North America, Inc.

Virginia Steinmetz, Ph.D.
Assistant Director, Duke Career
Center

Duke University

Edmund J. Stellwag, Ph.D.
Director, Genomics Core Facility
Director, Biotechnology Education
Program

East Carolina University

Carmen M. Wagner, Ph.D.
President

Strategic Compliance International,
Inc.

William H. Woodruff
Department Head, Biotechnology
Alamance Community College

Peter F. Young

President and Chief Executive
Officer

AlphaVax, Inc.
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